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(54) Positional deviation detecting method. 

A method of detecting a relative positional deviation of a first object having a first grating mark with 
an optical power and a second object having a second grating mark with an optical power, is disclosed 
wherein a projected radiation beam is diffracted by the first and second grating marks in sequence and, 
on the basis of a position of convergence on a light receiving surface of plural detraction beams 
produced by the diffraction through the first and second grating marks and including a signal beam 
having been diffracted at a predetermined order by each of the first and second grating marks, the 
relative positional deviation is determined, wherein a detection zone is defined on the light receiving 
surface, wherein the signal beam is caused to be converged upon* the detection zone, and wherein a 
predetermined diffraction beam of the piurai diffraction beams which, for a relative positional deviation 
of the fast and second objects, shows displacement different from that of the signal beam is 
substantially prevented from being converged upon the detection zone. 
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FIELD OF THE INVENTION AND RELATED ART 

This invention relates to a positional deviation detecting method usable in a semiconductor device man- 
ufacturing exposure apparatus for photolithographic transfer of a fine pattern such as a semiconductor inte- 
grated circuit, for detecting positional deviation orthe like between a mask (reticle) and a wafer at high precision. 

In exposure apparatuses for use in the manufacture of semiconductor devices, the relative alignment of a 
mask and a wafer is one important factor in respect to ensuring improved performance. Particularly, as for aligrn 
ment systems employed in recent exposure apparatuses, submicron alignment accuracies or more strict 
accuracies are required in consideration of the demand for higher degree of integration of semiconductor 
devices. 

In many types of alfenment systems, features called "alignment marks" are provided on a mask and a wafer 
and, by utilizing positional information obtainable from these marks, the mask and wafer are aligned. As for 
the manner of executing the alignment, as an example there is a method wherein the amount of relative devi- 
ation of these alignment patterns is detected on the basis of image processing. Another method is proposed 
in U.S. Patent Nos. 4,037,969 and 4,51 3,858 and Japanese Laid-Open Patent Application, Laid-Open No. Sho 
56-157033, wherein so-called zone plates are used as alignment marks upon which light is projected and whe- 
rein the positions of light spots formed on a predetermined plane by lights from the illuminated zone plates are 
detected 

Generally, an alignment method utilizing a zone plate is relatively insensitive to any defect of an alignment 
mark and therefore assures relatively high alignment accuracies, as compared with an alignment method simply 

using a traditional alignment mark. 

Figure 1 is a schematic view of a known type alignment system utilizing zone plates. As an example, this 
type of position detecting system is disclosed in European Patent Application 0,333,326A2, filed under the 
name of the assignee of the subject application. 

Mask 1 is adhered to a membrane 47 which is supported by a main frame 45 of an aligner through a mask 
chuck 46. Mask-to-wafer alignment head 44 is disposed above the main frame 45. For alignment of the mask 

1 and a wafer 2, a mask alignment mark 3M and a wafer alignment mark 4W are formed on the mask 1 and 
the wafer 2, respectively. 

Light emanating from a fight source 40 is transformed by a light projecting lens system 41 into a parallel 
light which is reflected by a half mirror 42 and impinges on the mask alignment mark 3M. The alignment mark 
3M is provided by a transmission type zone plate, and positive first order diffraction light thereof is influenced 
by a convex lens function, converging at a point Q. The wafer alignment mark 4W is provided by a reflection 
type zone plate, and it has a convex mirror function (diverging function) for imaging the light, convergent at 

point Q, upon a detection surface 39. 

Here, the signal light having been influenced by negative first order reflective diffraction of the wafer align- 
ment mark 4W is not influenced by any lens function as the same passes through the mask M, and the light 
transmitted therethrough as zerc-th order diffraction light is collected on detection surface 39 of a detector 38. 
Here, the term "zero-th order diffraction" means simple transmission or specular reflection. 

In this Specification, the light influenced by m-th order diffraction by the mask 1 and subsequently influ- 
enced by n-th order diffraction by the wafer 2 and again influenced by f-th order diffraction by the mask, will 
be referred to as "(m, n, I )-th order light". Accordingly, the above-described light can be referred to as "(1 , -1, 
0y\h order light*. This Tight provides the signal light 

In this type of positional deviation detecting system, any positional deviation between the mask 1 and the 
wafer 2 is detected on the basis of the position of incidence of the signal light upon the detection surface 39. 
There is a certain proportional relationship between the positional deviation Aow and the displacement A5w of 
the position of incidence of the signal Tight upon the detection surface 39. The proportional constant thereof 
corresponds to the magnification of deviation detection. More specifically, if jjnder such arrangement the wafer 

2 laterally shifts by Aow relative to the mask 1 , the position of incidence of the light on the detection surface 
39 displaces by A8w which can be expressed as follows: 

A5w - Aow x (bw/aw - 1) 

Thus, the positional deviation is magnified by. 

bw/aw - 1 

This quantity "bw/aw - 1" repres nts the deviation detecting magnification. Here, aw d notes the distance to 
the wafer from th point Q of convergence of the signal light emanating from the mask, and bw denotes the 
distance from the wafer to the detection surface 39. By detecting through the detection surface 39 the shift of 
the position of incidence of the signal light from Its reference position as assumed when the mask and the wafer 
have no relativ positional deviation (such reference position can be determined by trial printing, for exampl , 
after the mask is set) and by calculating Aow in accordance with the above-described equation whfl using the 
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detected shift as the displacem nt ASw. it Is possibl to determine the positional deviation between th mask 
and the wafer* 

On the other hand, there are cases In which, in addition to the (1, -1, 0>th order light described above, 
(0, -1, 1)-th order light which Is different in diffraction order is nearty focused on the detection surface 39. More 
specifically, the (0, -1, 1)-th order light Is such light as: having been inputted to the mask alignment mark 3M; 
having been transmitted tiierethrough at zero- th order; having been reflectively diffracted at negative first order 
by the wafer alignment mark4W and influenced by the concave power (diversion) function; further having been 
transmlssivety diffracted at positive first order by the mask alignment mark 3M and influenced by the convex 
power (convergence) function; and nearty focused on the detection surface 39; 

Figure 2 schematically shows propagation of an input light AL, a (1 , -1 , 0>th order light L1 and a (0, 1 , 1 )-th 
order fight L2 as well as an optical arrangement 

Here, generally, between the (1,-1, 0)-th order fight and the (0, -1, 1)-th order light, there is a difference 
In magnification of displacement of the position of Incidence to the relative positional deviation of the mask and 
the wafer. This leads to that, if such a point that, when in the detection surface a position vector of each point 
in the detection surface is multiplied by the light intensity of that point and the thus obtained products are inte- 
grated over the entire detection surface, the integrated value has a "zero vector" (hereinafter such point will 
be referred to as "gravity center* of the light), is taken as the position of incidence of the light, the detection of 
positional deviation Is affected by the (0, -1, 1)-th order light, In addition to the (1, -1, 0)-th order light which is 
the signal light This precludes enhanced precision of deviation detection. 

Further, where there is a wafer process facta- such as a change in thickness of a resist film, for example, 
or any change in the relative position of the objects, to be aligned, in a direction perpendicular to a particular 
direction In which the positional deviation is to be detected, the ratio of intensity of these lights changes with 
such change. This results in a change in the overall deviation detecting magnification of the (1, -1, 0)-th order 
light and the (0, -1, 1)-th order light and, therefore, it causes an error in the deviation detection. 

SUMMARY OF THE INVENTION 

It is accordingly a primary object of the present invention to provide an improved positional deviation detect- 
ing method, by which enhancement of detection precision is ensured. 

In accordance with a first aspect of the present invention, to achieve this object, there is provided a method 
of detecting a relative positional deviation of a first object having a first grating mark with an optical power and 
a second object having a second grating mark with an optical power, wherein a projected radiation beam is 
diffracted by the first and second grating marks in sequence iand, on the basis of a position of convergence on 
a light receiving surface of plural diffraction beams produced by the diffraction through the first and second grat- 
ing marks and including a signal beam having been diffracted at a predetermined order by each of the first and 
second grating marks, the relative positional deviation is determined, characterized in that a detection zone 
Is defined on the light receiving surface; that the signal beam is caused to be converged upon the detection 
zone; and that a predetermined diffraction beam of the plural diffraction beams which, for a relative positional 
deviation of the first and second objects, shows displacement different from that of the signal beam is substan- 
tially prevented from being converged upon the detection zone. 

These and other objects, features and advantages of the present invention will become more apparent upon 
a consideration of the following description of the preferred embodiments of the present invention taken in con- 
junction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 is a schematic view of general arrangement of a known type position detecting system. 
Figure 2 is a schematic view, showing an example of optical paths for the (1,-1, 0)-th order light and the 
(0,-1, 1)4h order light 

Figure 3 is a schematic view, for explaining th principt of a position detecting system according to an 
aspect of the pres nt invention. 

Figure 4 is a schematic view of a major pat of a position detecting system according to a first mbodiment 

of the present invention. 

Figure 5A is a schematic view of a peripheral part of a proximity type semiconductor device manufacturing 
apparatus in which a positional deviation detecting method of the pres nt inv ntion is applied. 

Figures SB and 5C are flow charts, respectively, showing examples of alignment process in th apparatus 
of Figure 5A. 

Figures 6 and 7 are schematic representations of a second embodiment of the pres nt invention. 
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Figure 8 is a schematic representation of a modified form of the second embodiment 

Figures 9, 10 and 1 1 are schematic representations of a third embodiment of the present invention. 

Figure 12 is a schematic representation of a modified form of the third embodiment 

Figures 13, 14 and 15 are schematic representations of a fourth embodiment of the present invention. 

Figure 16 is a schematic representation of a modified form of the fourth embodiment 

Figures 17, 18, 19 and 20 are schematic representations of a fifth embodiment of the present invention.. 

Figure 21 is a schematic representation of a modified form of the fifth embodiment 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A position detecting system according to a first embodiment of the present invention is featurized In that 
A first alignment mark having a light diffracting function is provided on a first object while a second alignment 
mark having a light diffracting function is provided on a second object wherein these alignment marks are so 
formed that of light from light projecting means, when m, n and 1 are Integers, the position of convergence on 
a predetermined plane of a first light having been diffracted at m-th order by the first alignment mark, having 
been diffracted at n-th order by the second alignment mark and having been diffracted at f-th order again by 
the first alignment mark, is dispteceabte at a predetermined magnification in response to a relative positional 
deviation of the first and second objects. The relative positional deviation of the first and second objects is deter- 
mined by detecting the position of convergence of the first light on the predetermined plane, wherein, where 
rrf. n' and t are integers satisfying mVm, n'*n or e>*t , the position of convergence on the predetermined plane 
of a second light having been diffracted at m'-th order by the first alignment mark, having been diffracted at 
n'-th order by the second alignment mark and having been diffracted at f'-th order again by the first alignment 
mark, is spaced from the position of convergence of the first light by a distance at least twice larger than the 
spot diameter of the first or second light (preferably the larger one of them). This assures that the second light 
is substantially prevented from being converged upon a predetermined detection zone of the predetermined 
plane on which the first light is to be detected. 

More specifically, in a preferred form of this embodiment of the present invention, when an object surface 
A provides the first object while an object surface B provides the second object first and second (signal pro- 
ducing) alignment marks A1 and A2 each having a function of a physical optic element are formed on the object 
surface A. Also, on the other object surface B, first and second (signal producing) alignment maiks B1 and B2 
similarly each having a function of a physical optic element are formed. Light is inputted to the alignment maik 
A1. and diffraction light caused thereby is inputted to the alignment mark B1. Diffraction light from the alignment 
mark B1 is incident on a predetermined plane, and the gravity center of the incident light on that plane is detec- 
ted by a first detecting means, provided on that plane, as the position of incidence of the first signal light 

Here, the term "gravity center of light" means such a pointthat when on a light receiving surface a position 
vector of each pointon the surface is multiplied by the light intensity of that point and the thus obtained products 
are integrated over the entire surface, the integrated level has a "zero vector". However, as an alternative, the 
position of a peak point of the light intensity may be detected. 

Similarly, light is inputted to the alignment mark A2. and diffraction light caused thereby is inputted to the 
alignment mark B2. Gravity center of diffraction light from the alignment mark B2. on a predetermined plane, 
is detected by a second detecting means, provided on that plane, as the position of incidence of the second 
signal light By using two data from the first and second detecting means, the positioning of the objects A and 
B is executed. Here, with respect to each of the first and second signal lights, the position of incidence of the 
(m\ n', eo-th order light which causes a detection error factor to the (m. n. f )-th order light is set to satisfy the 
above-described positional relationship. l _ 

In this form of the present embodiment, the alignment marks A1 . A2, B1 and B2 are so set that the gravity 
center positionofthelightincident on thefirst detecting means and the gravity center position ofthe light incident 
on the second detecting means, shift in opposite directions in response to a positional deviation between the 

objects A and B. .. . 

Figure 3 is a schematic view for explaining the principle of a first aspect of the present invention as well 
as structural features of it Figure 4 is a perspective view of a major part of a first embodiment of the present 
invention, based on the Figure 3 structure. 

In these drawings, denoted at 1 is a first object (object surface A) which is a mask, for example, and d noted 
at 2 Is a second object (object surface B) which is a wafer, for example. The illustrated is an exampl wherein 
a relative positional deviation of the first and second objects it to b detected. 

Since in this embodiments light passing through thefirst object 1 and b ing reflected by the second object 

2 goes again through the first object 1 , in Figure 3 the first object is illustrated in duplicatl n. D noted at 5 and 

3 are alignment marks which ar provided on the first and second objects 1 and 2, respectively, for obtaining 



• 



EP 0455 443 A2 

a first signal light Similarly, denoted at 6 and 4 are alignment marks provided on the first and second objects 

I and 2, respectively, for obtaining a second sfenal light In Figure 3, the paths are illustrated with the alignment 
marks 3 and 4 being replaced by equival nt transmission type alignment marks. 

Each of the alignment marks 3-6 serves as a physical optic element such as, for example, a grating lens 
5 having an optical power (such as a one-dimensional or two-dimensional lens or mirror function) or a diffraction 
grating having no lens ftincBon. Denoted at 9 is a wafer scribe line and denoted at 10 is a mask scribe line. - 
Each alignment mark is formed on the corresponding scribe line. Reference numerals 7 and 8 denote the first 
and second (alignment) signal lights, while reference numerals T and 8' denote (unwanted) diffraction lights 
of predetermined orders related to the first and second signal lights 7 and & 
10 In this embodiment the first signal light 7 is provided by a (1 1 -1 f 0)-th order light; the second signal light 
8 is provided by a (-1 , 1, 0>* order light; the fight T is provided by a (0, -1, 1)-th order light; and the light 8' is 
provided by a (0, 1 t -1)-th order light 

Denoted at 1 1 and 12 are first and second detecting means for detecting the first and second signal lights 
7 and 8, respectively. Each of the first and second detecting means comprises a one-dimensional (linear) CCD 
15 sensor, for example, having its sensing elements arrayed in the X-axis direction. 

For convenience in explanation, the optical distance from the second object 2 to the first detecting means 

II or the second detecting means 12 is denoted by L. Further, g denotes the distance between the first and 
second objects 1 and 2; f a1 and f.* denote the focal lengths of the alignment marks 5 and 6; Aa denotes the 
relative positional deviation of the first and second objects 1 and 2; and S t and denote displacements of the 

20 gravity center positions of the first and second signal lights on the first and second detecting means, respect- 
ively, at that time, from the positions as assumed under correct alignment Conveniently, the alignment light 
inputted to the object 1 is a plane wave. The signs are such as illustrated. 

Each of the displacements $t and can be determined geometrically as a point of intersection between 
(0 the Tight receiving surface of the first (or second) detecting means 11 or 12 and (fi) the straight line that con- 

25 nects the focal point (FJ of Ihe alignment mark 5 (6) and the optical axis center of the alignment mark 3 (4). 
Therefore, the opposability in direction of the displacements S 1 and S2 of the gravity centers of these lights, 
responsive to a relative positional deviation of the fkst and second objects 1 and 2, is attainable by applying 
an inversive relationship to the signs of optical imaging magnifications of the alignment marks 3 and 4. 

In this embodiment examples that can be used as a light source are: aUghtsourcesuch as a semiconductor 

30 laser, a He-Ne laser, an Ar laser or the like that can emit a coherent light and a light source such as a light 
emitting diode or the like that can emit an incoherent light 

In this embodiment as shown in Fgure 4, the (1 , -1, 0)-th order light which is the lights 7 as well as the 
(-1,1, 0)-th order light which is the light 8, are those lights: which are incident upon the alignment marks 5 and 
6, respectively, on the mask 1 surface each at a predetermined angle; which are then transmissively diffracted 

35 by these marks and then reflectively diffracted by the alignment marks 3 and 4 on the wafer 2 surface, respect- 
ively; and which are then incident on the detecting means 1 1 and 12, respectively. On the other hand, the (0, -1, 

I )4h order light which is the light V as well as the (0, 1 , -1 Hh order light which is the light 8', are those lights: 
which are transmitted at zero-th order by the alignment marks 5 and 6 on the mask 1 ; which are then reflectively 
diffracted by the alignment marks 3 and 4 on the wafer 2 surface, respectively; and which are then transmit 

40 sively diffracted by the alignment marks 5 and 6 on the mask 1 surface and incident on the detecting means 

II and 12. 

The gravity center positions of the first and second alignment lights, respectively, incident on the respective 
detecting means are detected and, by using output signals from the detecting means 1 1 and 12, any positional 
deviation of the mask 1 and the wafer 2 can be detected. At this time, the output signals corresponding to the 
45 lights T and 8 are not used for the detection. 

Description wil now be made of the alignment marks 3-6. 

The alignment marks 3 - 6 are provided by Fresnel zone plates (or grating lenses) having different focal 
lengths. Practical size of each mark is 50 - 300 microns in the lengthwise direction (X-axis direction) of the scribe 
line 9 or 10 and 20-100 microns in the widthwise direction (Y-axis direction) of the scribe line. 
so In this embodiment all the lights 7, 7', 8 and 8' are inckfent on the mask 1 at an angl of incidence of about 
17.5 deg., with the projection compon nt upon the mask 1 surface being perpendicular to the scribe line direc- 
tion (X-axis direction). 

The mask 1 and th waf r 2 are spaced from each other by a gap of 30 microns. Th (1, -1, 0)4h order 
light 7 has been transmissively diffracted at first order by the alignment mark 5 and influ need by th convex 
55 lens function and, then, having be n reflectively diffract d at negative first rder by and influenced by the con- 
cav lens function of the alignment mark 3 on the wafer 2 surface and, thereafter, it is focused at a point on 
the first detecting means 1 1. 

On the other hand, the (0, -1 , 1>th order light which is th light T has been transmitted (diffracted) at zero-th 
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order through th mask 1 surface and then reflectively diffracted at first order by th alignment mark 3 on th 
wafer 2 surface and influenced by the convex lensfunctiorv and thereafter, tiansmissiveJy diffracted atfirst order 
by the alignment mark 5 on the mask 1 surface and influenced by the concave lens function, and finally it 
impinges on the detecting means 1 1 surface. 
5 On the detecting means 1 1 surface, displacement of the position of incidence of this fight 7 corresponds 
to the quantity of positional deviation between the alignment marks 5 and 3 in the X-axis direction, namely, the 
quantity of misalignment of the axes of them. Also, the light is inputted, bearing magnified quantity of positional 
deviation. As a result of this, the shift of the gravity center position of the inputted light can be detected by the 
detecting means 11. 

10 The present embodiment is so set that, when the mask 1 and the wafer 2 have no relative positional devi- 
ation (Le., when the alignment marks 5 and 3 on the mask 1 and the wafer 2 just provide a coaxial system), 
the chief ray of the light 7 emitted from the wafer 2 has an angle of emission of 1 3 deg., and the projection of 
the emitted light upon the wafer 2 surface extends perpendicularly to the widthwise direction (Y-axis direction) 
of the scribe line, and the light 7 is focused on the detecting means 1 1 surface which is disposed at a predeter- 

15 mined position, for example, at a height of 18.657 mm from the wafer 2 surface. 

On the other hand, the light 8 has been transmissively diffracted by the alignment mark 6 and then reflec- 
tively diffracted by the alignment mark 4 on the wafer 2 surface. The mark 4 serves so that the position of th 
spot of the light 8 formed thereby is displaced in a direction different from that of the spot of the light 7. When 
the marks 6 and 4 are aligned into a coaxial system and there is no relative posftk>r\al deviation, the chief ray 

20 of the emitted light 8 from the wafer2 has an angle of emission of 7 degrees, with the projection upon the wafer 
2 surface being perpendicular to the widthwise direction of the scribe line, and the light is focused upon the 
detecting means 12 surface which is provided at a height higher than that of the first detecting means. 

In the present embodiment with the lens parameter setting of the alignment marks as described, the X-axis 
component of the interval, i.e., the spacing along the X-axis direction, between the gravity center position of 

25 the light 7 on the detecting means 1 1 surface and the gravity center position of the light 8 on the detecting means 
12 surface, is detected. Where the spacing between the mask and the wafer is g and the spacing between the 
wafer and the light receiving surface of the detector is L if the wafer causes a positional deviation A<r relative 
to the mask, then the displacements S, and of the gravity centers of the lights are expressed quantitatively, 
such as follows: 

30 s n * -[Mat + gy(f a t-g)]Ao 

= -IMaa + gy(farg)]A<* 

From this, the deviation magnifications can be defined as Pi = Si/Ao and = SjfAa. 

Since as described the signal lights 7 and 8 are displaceable along the detecting means 11 and 12 in the 
opposite directions in response to a positional deviation Ao, the quantity of change (AD) in the spacing of the 
35 lights 7 and 8 on the detecting means 1 1 and 12 in the X direction, can be given by the following equation: 

AD = (Pt - p2 ) ^ Ao 
The positional deviation can be detected in the following manner. 

The spacing D between the gravity center positions as assumed when the mask and the wafer have no 
relative positional deviation in the X direction, can be determined beforehand by calculation or by trial printings* 

40 Then, during actual detection of the relative positional deviation of the mask and the wafer in the X direction, 
a deviation AD of the spacing between the gravity center positions of the lights 7 and 8, with reference to the 
quantity D, can be detected and, from the detected deviation AD, the relative positional deviation of the mask 
and the wafer in the X direction can be determined by calculation. 

Next, description will be made of the angle of projection of the light to an alignment mark with respect to 

45 a normal to the alignment mark surface (Figure 3) as well as the position of incidence of the light upon the detect- 
ing means surface responsive to a positional deviation A<r of the first and second objects in the X direction. 

If the center position (optical axis position) of the first alignment mark § of the first object is denoted by 
(Xmoi, ywoi, 0) and the position of the imaging point of a parallel light incident on the alignment mark 5 with an 
angle 0 is denoted by (x^, Y M1t Zm,), then it follows that = -f v 

so On the other hand, it is assumed that the center position (optical axis position) of the alignment mark 3 of 
th second object as there is no relative positional deviation is d noted by {x m , y W i, -g) and also that the align- 
ment mark 3 is so design d as to form, at a position (x S i, y S i. *si). an image f a point light source (point image) 
which is at a position (Xmi» Ym, -U) $ there is no positional deviation. Similarly, th center position (optical axis 
position) of the alignm nt mark 6 of the first object is denoted by (x^, ywcc. 0) an* *>e alignment mark 5, 

55 its imaging point position is denoted by (x^, -f 3 ).Further, it is assumed that the center position (optical axis 
position) of the alignment mark 4 as there is no positional deviation is denoted by (Xw* Yw* -9) and ^ 
mark 4 is so designed as to form, at a position (Xs* Ysz, Zs2)> an image of a point light source (point image) 
which is at a position (Xm2, ywc -fa) as there is no positional deviation. Additionally, the distance from the mask 
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surface to the detecting means surface is denoted byL'. 

When, under the above parameter setting, the displacement of the gravity center position of tn light (1. -1, 
B OHh older light which is the light 7 and that of th (0. -1. 1)-th order light which is the light 7', other than th 
light 7 to be caused upon the detecting means surface in respons to a positional deviation Aa of the second 
object relative to the first object, are denoted by S„ and S^, respectively, then they can be expressed asfol- 

lows* ~ 

S,, = [1 - U(f r9)Xxwi ~*mi + Aa) + (1) 
S» = 0-7(^)1(^1 -fatanS-XMoi + Aa) + Xmm (2) ^ 
SUnDarty, when the displacement of the gravity center position of the (-1, 1. 0)-th order light whfch is the 
fiaht 8 and that of the (0, 1, -1)-th order light which is the light 8\ other than the light 8, to be caused on the 
detecting means surface, are denoted by S 12 and respectively, then they can be expressed as follows: 

St 2 = [l-^f^K^c-Xwi + Aa) + XM2 (3) 
= [L'^f^Kxyvz-^tene-XMcz + Ac) + (4) 
Further, from the general relationship on lens imaging characteristics, it follows that: 

= Xmj + fa-itanG (i - 1,2) (5) 
Also x* and x*, are the quantities that are determined by the angles of deflection, with respect to the chief ray 
of ffiut light, of the alignment marks of the first and second objects as well as the focal lengths of these marks, 
respectively, and they are expressed as follows: ■ 

20 f x Mi = f 2i-1 tan *2i-1 9 . . _ " . 

(i ~ 1 9 2) • • . to) 
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x Wi = f 2i tan<6 2i 



Here r. = 9 - 0, (j = 1 4) defines the angle of deflection of each alignment mark with an incidence angle 0. 

Now it is assumed that the center of the alignment mark of the first object is taken as an origin; the X axis 
is laid onthe alignment mark surface along direction with respect to which the positional deviation is to be detec- 
ted; the Y axis is laid along a direction perpendicular to the X axis; and the Z axis is laid along a direction of a 

normal to the alignment mark surface. • 

The detecting means has a light receiving zone with its center denoted by (Xs, y s , z s ), and the light receiving 
zone has a rectangular shape of a size d, in the X direction and <fe in the direction perpendicular ther eto. 

Considering the (0. -1. 1)-th order light which is the (unwanted) light 7' and the (0. 1, -1)-th order light which 

is the (unwanted) light 8', and if equation (5) is substituted into equations (2) and (4), then it follows that 

Sm = B-7(f2-g)][Xwi - Xmi - tan0(f 2 + fi) * to) + x«n + fitenO (?) 
= D-'/(f 4 -g)]Ixv» 2 -x M2 .tane(f4 + f 3 ) + Aol + xmz + f 3 tane (4') 

Here if the parameters are set so that, in a detectable range e, 5 A* S e 2 and e 2 are upper and lower limits 
for the positional deviation which can be detected by the detecting means of a length d,), the quantities i^, 
and S22 satisfy the following relations: 



4 

40 S 2 i < -<3-|/2 + x s or > d-,/2 + x s 1 

V * • • ( V ) 

S 2 2 < -d-j/2 + x g or S 2 2 > d-| /2 + Xg ) 



then, it is assured that the light (0. -1, 1)-th order light which is the light 7 or the (0. 1, -1)-th order light which 
is the light 8 is prevented from impinging on the light receiving zone, in the range s,^Aai 62. 

In the present embodiment, the quantities , and ^ are so selected to have 4 the values as described, and 
by this thp Inconveniences describe hereinbefore are avoided. 

In this embodiment, Xs = 0 is selected and an appropriate angle 6 for projection of the light toeach alignment 
mark as well as appropriate light d flection angles C„ k.^and^O- - *mi. **. *wi and *vw> ofthe respective 
alignment marks are set so as to satisfy equation (7) without causing a change in th detection magnification. 

Here, if the distance L from th center of the alignment mark of the second object (wafer) to the center of 
th lightrecehringzon ofth detectingm ans is L= 18.657 mm, the distance!.' from th centerofmealignrrerrt 
mark of th first object (mask) to the center of the light receiving zone of the detecting means is L = 18.628 
mm, the spacing g between the first and second objects is g = 30.0 microns, and th focal lengths f, and fa of 
th mask alignment marks 5 and 6 are set so as to assure deviation detection sensitivities of 6, = + 200xand 
fe = - 200X for the (1 , -1 , 0)-th order light and the (-1 , 1 , 0)-tii order light as given by equations (1) and (3). then 
ft follows that h - 122.8209 microns and f 3 = - 63.7538 microns. 
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Also, from the conditions for assuring that the (1,-1, 0)-th ord r tight and the (-1, 1, 0)-th order Sight are 
imaged on th detecting means surface, such as follows: 

Wr9) + 1/L = -1/f 2 
Wr9) + 1/L = -1/f 4 

rt follows thatf 2 = - 9Z361 microns and f 4 = 94.2273 microns. When these quantities are substituted into equ- 
ations (20 and (40, the following results are given: 

= -15Z23(x w1 -Xmi + 30.46tan8 + Ac) + x m + 122.82tan6 
S22 * 149.94(x W 2-x M2 + 30.47tan9 + Ao) + - 63J5tan9 
It is now assumed that the measurement range (the range from e t to s£ for the positional deviation measure- 
ment is - 3.0 < Aa < 3.0 (micron) and that the detecting means has a size 6, = 40 mm and dz ~ 0.48 mm. in 
this embodiment, while taking into account equation (7), the following conditions are adopted: 



15 



20 



: 21 = - 1 52.23(x w1 - x M1 + 30.46tan9 + &G) ) 

+ x m1 + 122-82tan© > d.j/2 
22 9 149.94{x w2 - x M2 + 30.47tanO + 

+ x M2 - 63.75tan0 < --d-, /2 

0 > 0 



25 



30 



>21 



= -152.23(x 



W1 



- x 



M1 



+ 30.46tanO + AO) 



+ x M1 + 122.82tan0 < -d-j/2 
22 = 149.94(x w2 - x M2 + 30.47tan0 + 2kJ) 
+ X M2 " 63.75tan0 > d 1 /2 
Q > 0 



35 In this occasion, and S 12 are given by: 

S t1 = -200.0(x w1 - x M! + s) + Xmi 
S 12 = 200.01XW2-XM2 + e) + x„2 
As the conditions for that the (1,-1, 0)-th order light and the (-1,1, 0)-th order light are received by the detecting 
means, in the range - 3.0 £ Act the quantities x^, x W t and Xyyc are set so as to satisfy the following rela- 
40 tions: 



45 



50 



55 



-dj/2 < S 1t < d-,/2 
-d-,/2 < S 12 < d-,/2 



In this embodiment, in order to satisfy equations {7'), (7") or (8), the sheeted are 9 = 30 deg., x m - 10.0 
microns, x M1 = 5.0 microns, Xw2 = 0.0 micron and - - 5.0 microns. In this example, S21 and S22 are: 

S^e) = -152.23c -2601 .22 (micron) (9-1) 
S^e) « 149.94e + 2^5.92 (micron) (9-2) 

If - 3.0 < Ao < 3.0, then: 

-3067.91 < < -2154.53, 
2146.1 < S22 < 3045.74 
Thus, equation (7 P ) is satisfied. In this occasion, S 11 and S 12 are: 

Sn(e) = -200.0c- 995 (micron) (9-3) 
S 12 (s) = 200.0c + 995 (micron) (9-4) 

Thus, equation (8) is satisfied. 

The present embodim nt is arranged so that the (0, -1 , 1)-th order light or the (0, 1, -1 Mh order light is pre- 
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vented from impinging on the light detecting zone of each detecting means 1 1 or 12. Howev r, by suitably s fe- 
ting 0. Xw t , Xim and th like, it is possible to relatively separate the gravity center positions n the detecting 
means surface of the (1. -1, 0)-th order light and the (0, -1. 1)-th order light, or the (-1, 1 t 0)-th order light and 
the (0, 1, -1)-th order light, by a distance within the deviation detectable range but larger than a predetermined 
length. 

More specifically, asfbrthe first signal light the relative distance 1 1 of the gravity centers of the (1,-1, G)-th 
order light (light 7) and the (0, -1 , 1)-th order light (light 7% upon the detecting means surface, ts: 

H = l S 11" S 2ll 

= L/CJ^-g) - L , /(f 2 -g)]A<T + £ 0 | 

•••(9-5) 

wherein 

€o =Xmi-Xmoi + [1- ^(MtXwrXM!) - fL'/ffz-g)] (Xwi - f 2 tan8 - x^oi) (9-6) 
Thus, the parameters f lt f* L, L', Xmqi, x M1 and e may be so set that, within the measurement range z A <> Aa £ 
sz, the distance l x always satisfies the fallowing relation: 

^i^^in(>0) (9-7) 

wherein I roln is the allowable minimum quantity for the relative gravity center spacing of the two lights 7 and T 
as they come dose to each other on the detecting means surface. Where ai and a 2 denote the 1/e 2 light systems 
(spot diameters) of these lights on the detecting means surface, a% and a 2 are determined by L and the mark 
size in the X direction, and the condition for the separation of the two lights is given by: 

f mm = T(ai + as) (9-8) 

where y is a constant satisfying y > 1.0 and, generally, y k 2.0 is preferable. Namely, it is preferable that the 
lights are separated by a distance at I east four times larger than the spot diameter, where a t ~ a> Similar setting 
should be made with regard to the second signal light, too. 

When the setting is done in the manner as described, it is possible to detect only the gravity center position 
of the light intensity distribution of the (1, -1, 0)-th order light, for example, through the selection of the output 
signals from the detecting means 11. More specifically, by using, as an example, a charge accumulation type 
sensor such as a CCD or the IBce and by setting a window to such sensor, output signal selection may be done 
to allow detection of the gravity center position of the light intensity distribution in a range of 1/e 2 of the peak 
intensity, tar example, about the peak intensity point of the (1,-1, 0)-th order light 

A practical example of parameter setting may be such that Where only the gravity centers of the (1,-1, 
0)-th order light and the (-1,1, 0)-th order light of the first and second signal lights are to be detected and pro- 
cessed, the relative gravity center spacing t of the two lights to be considered on the detecting means surface 
in relation to the positional deviation Act, is given by: 

SL = (S n -S 12 | 

- |[L/(f 3 -g) - L/(f 1 -g)]Aa+ C ± \ 

...(9-9) 

* = [1 - L/ft-gJXxwrXM,) - [1 - L/frg)KxwrXM2) + x^-x^ (9-10) 
Thus, the overall detection sensitivity p to the positional deviation Act is: 

P = tWr9)- Wr9}]l- (9-11) 
Therefore, first, in order to attain a desired overall detection sensitivity Po ( .g. 200x), the condition tor the 

parameter setting is given as: 

[1/(fr9)-1/(fi-9)]L = Po (S-12) 
Then, under the condition (3-12), as regards the first signal light, the parameters are set s as to satisfy equ- 
ations (9-5) to (9-12). Similarly, as regards the second signal light, the param ters are set so as to satisfy th 
conditions, such as giv n by equations (9-13) to (9-15), below, which are to be satisfied by the relativ gravity 
center spacing 1 2 on th d tecting means surface ofthe(-1,1 f 0)-th order light 8 and the (0,1, -1)-th order light 
8': 

1 2 - | [1 - L/(frg) - L7(f 4 -g)lA<7 + I (9-13) 
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£o' = XM2-XM02 + [1- U(f3-g)K*w2 - *M2) " [L''(frg)](xw2 - titanO - x M02 ) (9-14) 

In this manner, the parameters f, - f 4 , L, L\ Xmoi, x^ , Xmq* and 9 are set so that total eight equations 
(9-5) to (9-8) and (9-12) to (9-1 5) are satisfied. Since there are eight conditional equations (including inequality) 
5 tor unknown quantities of a number eleven (11), the solutions are not determined definitely, and it is necessary 
to adopt such a process in which f t , % and L', for example, are first given and then numerical solutions are deter- 
mined. 

Figure 5A shows a proximity type semiconductor device manufacturing exposure apparatus (X-ray expos- 
ure apparatus) into which the first embodiment of the present invention shown in Figure 4 is incorporated As 
10 shown in the drawing (while not shown in Figure 4), the apparatus is equipped with a light source 13, a collimator 
lens system (or a beam diameter changing lens) 14, a projected light deflecting mirror 1 5, a pickup casing (align- 
ment head casing) 16, a wafer stage 1 7, a positional deviation signal processing means 1 8, a wafer stage drive 
control means 19, and the like. Character E denotes the width of the exposure light (X-ray flux) in the X direction. 

Also in this embodiment, any relative positional deviation of the mask (first object) 1 and the wafer (second 
15 object) 2, is detected in a similar manner as having been described with reference to the first embodiment 

Ah alignment process to be adopted in this embodiment may be such as follows: 

Afirst example Is that Signals representing displacements A5 of gravity centers of the lights upon the detec- 
tion surfaces 11a and 12 b of the detecting means 11 and 12, corresponding to the positional deviation Ac be- 
tween two objects, are detected and, in the signal processing means 18, the positional deviation A<r between 
20 these objects is detected on the basis of the signals representing the displacements of the gravity centers. Then, 
the stage drive control 19 operates to move the wafer stage 17 by an amount corresponding to the detected 
positional deviation Ac. 

A second example is that: From the signals outputted by the detecting means 1 1 and 12, the signal pro- 
cessing means 18 detects such a direction that cancels the positional deviation Aa. The stage drive control 19 
25 operates to move the wafer stage 17 in that direction, and the above-described operations are repeated until 
the positional deviation comes into a tolerable range. 

The above-described alignment procedures are illustrated in flow charts of Figures SB and 5C, respectively. 
It will be understood from Figure 5A that the light source 13 projects light from outside of the path of the 
exposure light to the alignment marks 5 and 6, and that the detecting means 11 and 12 which are provided 
30 outside the exposure light flux receive diffraction lights emanating from the alignment marks 3 and 4 outwardly 
of the exposure light for the position detecting purpose. 

Thus, with the above structure, it is possible to provide a system having no necessity of retracting the pickup 

housing 16 at the time of exposure. 

In a modified form of the first embodiment of the present invention, equations (1), (2*), (3) and (4') related 
35 to the position of incidence of the (1, -1, 0)-th order light, the (-1,1, 0)-th order light, the (0, -1, 1)-th order light 
and the (0, 1, -1)-th order light upon the detecting means surface, may be used to determine the location of 
the detecting means as well as the size thereof, for example, so that the light receiving zone of the detecting 
means receives the (0, -1, 1)-th order light or the (0, 1, -1)-th order light as the alignment signal light, with th 
other lights being prevented from being received. Since this modification will have an arrangement basically 
40 similar to that of the first embodiment, the explanation of the structure itself will be omitted. 

In this embodiment, for simplification, the angle 9 of incidence of the light upon the alignment mark in the 
X-Z plane as well as the eccentric parameters x M i , Xm2. x w1 , Xw2 and the like are the same as those of the first 
embodiment, but the location of the detecting means or the size thereof is different 

Here, from equations (9-1) to (9-4), the center coordinate (xs, y s . z$) of the detecting means is set as follows: 
45 x s = [S^O) + S22(0)]/2 

so as to assure that only the (0, -1, 1)-th order light or the (0, 1, -1)-th order light is received. In regard to y s 
and Zs, this embodiment is the same as the first embodiment 

The size of the light receiving zone of the detecting means is set to be equal to 1.88 mm in the X direction, 
in consideration of possible quantities of S21 and S22 under the condition of the positional deviation detectable 

so range of - 3.0 < Act < 3.0 (micron). it 

Und r these conditions, th detectingm ans can receive only the (0,-1, 1)-th rtier light ot the (0, 1, -1)-th 
order light and can execute the positional deviation detection without influenced by the (1 , -1 , 0)-th ord r light 
or the (-1, 1, 0}-th order light 

In another modified form of the first embodiment of the present invention, the structure may be arranged 
55 to use, as a positional deviation signal light, such light as transmissively diffracted at m-th ord r by an alignment 
mark of a mask, then reflectively diffracted at n-th order by an al ignment mark of a wafer and then transmissively 
diffracted at f-th order again by th mask alignment mark, namely, the (m, n, t )4h order light, wherein m*0, 
n*0 and t*Q. 
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In this example, each alignment mark comprises a one-dimensional grating lens having a cylindrical power, 
and the X axis fe laid in th direction in which the lens power is produced Th Y-axis is laid on an axis which 
passes th center fth alignment mark and intersects at a right angle with the X axis, within the plane of the 
alignment mark is formed Also, the Z axis is laid on an axis perpendicular to the X and Y axes. Where an input 
light is incident at an angle 0 in the Y-Z plane, if the (m, n, l)-th order light as the same finally emanates from 
the mask surface has an angle Q, then the angle is defined by: 

sin (U = <VPm)(* + m) - (X/P w )n - sine (10) 
wherein P u and P w are pitches of mask and wafer alignment marks, in the Y-Z plane, having no fight converging 
or diverging function (optical power), and X denotes the wavelength of the used light 

From equation (1 0), it follows that the lights to be inputted to the light detection surface at the same time 
should be, as a first example, those lights which correspond to such a combination of diffraction orders that 
satisfy; 

JL + m s k (constant) 

n - n O (constant) ..•(10 , ) r 

that is, l-th order transmission lights having been transmitted at nvth order by the mask alignment mark and 
having an m t* satisfying equation (W) again. As for the positional deviation signal light, it is a necessary con- 
dition for the magnified deviation detection using grating lenses that n*0 and at least one of m and I is not equal 
toO. 

Assuming now that the local length of a mask alignment mark corresponding to Wh order diffraction light 
is ft* and similarly the focal length of a wafer alignment mark 3 corresponding to j-th order diffraction light is 
fp*, then, from the effective gravity center position of the (m, n, f)-th order light, the positional deviation detecting 
magnification p upon the detecting means for the (m, n, f)-th order light, is given by: 

0 = H-Lt/tfm^IL^L^)! (10") 

where L| is given by: 

1/(fm*g) + 1/L, = -1/fn w (10") 
and L 2 is the distance from the center of the mask mark to the center of the detection surface. 

Here, the positron S of incidence of the (m, n, ( yth order light on the detecting means surface is, like the 
first embodiment, expressed by using the incidence angle 0 of light in the X-Z plane and the X-axis center posi- 
tions xmo and x* of the grating lenses (alignment marks), as follows: 

S = [1 - Mfm^fllL^-g)]. {I(Xmo - fm»tane - x w )L,/(fmM-g) + x w - x„J x L^-g) + Xmo) (1 1) 
Assuming now that the (m, n, f )*th order light is imaged on the detecting means surface, then L 2 is given 
by: , 

1'(Lrg) + 1*-2 58 -1f* M (12) 
Also, if the focal length of the mask alignment mark corresponding to the positive first order diffraction light 
is denoted by f1 M , then generally ff M (fm*) can be expressed as: 

ffM = f1 M/f ( 13 ) 

On the other hand, if the imaging plane position of the (m', n', t >th order light wherein m'*m, n'*n or I '*t is 
at a distance L 2 from the mask surface, then in this embodiment the optical arrangement including the detecting 
means and other optical elements is so determined that the (m', n\ t 'J-th order light which satisfies equation 
(14) below, that is, such light as having approximately the same intensity as the (m, n, f)-th order light upon 
the detecting means surface, is prevented from reaching the light receiving zone of the detecting means sur- 
face. 

|L 2 7L 2 i=1 (14) * 
Equation (14) represents that, for the distance L 2 to the convergent point position of the (m, n, f )-th order 
light, the distance L 2 ' to the convergent point position of the (m% n\ t'yth order light is of the same level as L 2 
and, therefore, that it has approximately the same intensify Concentration* Here, can be given by: 

L 2 ' = -[ ff '«0-t'-g)]/[ff' M + U'-g] (15-1) 
W = ^n^fm'M-gMf n' w + fm™-g] (15-2) 
By using equation (13), the above equation can be rewritten as: 
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Then, on the basis of equation (10*), such diffraction order (rn', n\ I') with which the distance L 2 ' as given 
40 by equation (15-1') and the distance L* of the (m, n v £)-th order light from the final surface to the imaging plane 
satisfy equation (14), is determined. In other words, by substituting n'=n and m+£=m'+£ * into equation (15-1') 
and by rewriting the same with respect to m\ then the following is obtained: 




, f i M f . w f M 

(15-1") 
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In the present embodiment, the calculation of the position of incidence of light based on equation (11) is 
effected to such a set of diffraction orders m', n' and (' with respect to which, for particular f1 M , f1 w and g as 
20 well as the diffraction orders m t n, I, the ratio of the imaging plane position L 2 of the (m, n, £ )-th order light and 
the imaging plane position L 2 ' of the (m\ n\ f >th order light namely, the difference i L 2 - L 2 ' I therebetween, 
satisfies equation (14). Then, the light projection angle (incidence angle) 8 and the focal lengths of the alignment 
marks as well as the locations of the detecting means are determined so as to assure that the spacing between 
the positions of incidence of these lights on the detecting means surface does satisfy at least equation (9-8) 
25 or, alternatively, to assure that the condition for preventing the (m\ n', 2 'J-th order light from impinging on the 
light receiving zone of the detecting means surface, namely, the following condition, is satisfied: 

S' < -d,/2 + Xs or S' > -dt/2 + Xs 
More specifically, from equation (1 ), the position S of incidence of the (m, n, l)-th order light on the detecting 
means surface in the X direction is: 

S = [1 - MfmM^IL^L^)]. 
{[(Xmo - ftnwtane - x w )L,/(fm M -g) + Xw-Xmo] 
x LjW-rg) + Xmo} 

Similarly, the position S' of incidence of the (m\ n\ t >th order light on the detecting means surface is: 

S' = [1 . L/Aftn'M-gHIL^'-g)). 
35 {[(xmo - fm'wtane - x w )L 1 '/(fm'M-g) 

+ x w - Xwol x MU'-g) + x^} 

where 

1/(M-g) + 1/L 2 = -1/tf M 
V(L^) + 1/L 2 - -1/f?' M 

40 Therefore, the parameters are set so as to assure that f m j„ in which the X-axix relative gravity center spacing 
t - j S - S' | on the detecting means surface of the (m, n, lyth order light and the (m\ n\ t')4h order light as 
determined by the above equations satisfies equation (9-8) and that a relation and that a relation t ^ 1^ is 
always satisfied. Practical process of parameter setting is substantially the same as that of the first embodiment 
As a result of this, by detecting the gravity center position of only one positional deviation signal light, it is 

4$ possible to determine the quantity of positional deviation. Therefore, it is possible to avoid error factors in the 
detection such as, for example, a change in the effective deviation detection sensitivity (magnification) due to 
a change in the ratio of quantity of plural lights impinging and converging on thd detecting means surface. 

WhHe in the foregoing embodiments the phenomenon that the spacing in the X direction of the gravity center 
positions on two light detecting means changes in proportion to the relative positional deviation in the X direction 

so of a mask and a wafer is used, and the chang in the spacing is detected. However, the present invention is 
rwt limited to this. As an exampi ,th invention is applicable also to an arrang mentwh rein a single detecting 
means and a single light beam are used, and the relative positional deviation of the mask and th wafer is detec- 
ted on the basts of proportional relationship between (i) the quantity of deviation of the gravity center position 
of th diffraction tight upon the single detecting means, from a preset reference position thereon, and (ii) th 

55 quantity of relative positi nal deviation of th mask and the wafer. Further, two fight beams such as in the forego- 
ing embodiments may be inputted to a single detecting means. 

A position detecting system according to a second mbodim nt of the present inv ntion is featurized in 
that An alignment mark having a wavefront converting r light diffracting functi n is provided on a first object 
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whB another alignment mark having a wavefront converting or light diffracting function ts provided n a second 
object Of light from a light projecting means, iight as influenced by the wavefront converting fundi ns of these 
alignment marks of th first and second objects is directed to a predetermined plan and, by detecting th posi- 
tion of incid nee of that light upon the pred terminedplan through a detecting means, the relative positional 
deviation of the first and second objects is determined. The alignment mark of the second object is formed out- 
side a region within which the light diffracted at zero-th order by the alignment mark of the first object is incident 
on the second object 

In another aspect of this embodiment of the present invention, the first object is equipped with two alignment 
marks A1 and A2 each having a wavefront converting function while the second object is equipped with two 
alignment marks B1 and B2 each haying a wavefront converting function. Of light from a light projecfing means, 
a first light as influenced by the wavefront converting functions of the alignment marks A1 and B1 of th fast 
and second objects as well as a second light as influenced by the wavefront converting functions of the align- 
ment marks A2 and B2 of the first and second objects, are directed to a predetermined plane. By detecting the 
positions of incidence of these lights on the predetermined plane through a detecting means, the relative 
positional deviation of the first and second objects is determined Two alignment marks of the first object or 
the second object are formed in a single region in an overlapping or juxtaposed relation, and two alignment 
marks of the second object are formed outside a region within which the light diffracted at zero-th order by the 
two alignment marks of the first object is incident on the second object 

In another aspect of this embodiment of the present invention, the two alignment marks A1 and A2 or the 
two alignment marks B1 and B2 are provided by a single and common mark. 

More specifically, in a preferred form of the present invention, when an object surface A provides the first 
object while an object surface B provides the second object, first and second signal producing alignment marks 
A1 and A2 each serving as a physical optic element having a wavefront converting function, are formed on the 
object surface A, in a separate relation to satisfy a predetermined condftion. Also, on the other object surface 
B, first and second signal producing alignment marks B1 and B2 similarly each serving as a physical optic ele- 
ment, are formed in juxtaposition. Light is inputted to the alignment mark A1 , and diffraction light caused thereby 
is inputted to the alignment mark B1 . Diffraction light from the alignment mark B1 is incident on a predetermined 
plane, and the gravity center of the incident light on that plane is detected by a first detecting means, as the 
position of incidence of the first signal light 

Here, the term "gravity center of light" means such a point that, when on a light receiving surface a position 
vector of each point on the surface is multiplied by the light intensity of that point and the thus obtained products 
are integrated over the entire surface, the integrated level has a "zero vector". However, as an alternative, the 
position of a peak point of the light intensity may be detected. 

SimBarly, light is inputted to the alignment mark A2, and diffraction light caused thereby is inputted to the 
alignment mark B2. Gravity center of diffraction tight from the alignment mark B2, on a predetermined plane, 
is detected by a second detecting means as the position of incidence of the second signal light By using two 
data from the first and second detecting means, the positioning of the objects A and B is executed. Here, in 
order to avoid the effect of the (m' ( n\ I >th order light which causes a detection error factor to the (m, n ( f )-th 
order light the factor such as the alignment mark position, the direction of incidence of the input light or the like 
is set as described. 

In this form of the present embodiment, the alignment marks A1 , A2, B1 and B2 are so set that the gravity 
center position of the lig ht incident on the first detecting means and the gravity center position of the light incident 
on the second detecting means, shift in opposite directions in response to a positional deviation between the 
objects A and B. 

Figure 6 is a schematic view for explaining the principle of a second aspect of the present invention as 
well as structural features of it Figure 7 is a perspective view of a major part of a second embodiment of the 
present invention, based on the Figure 6 structure. 4 

In these drawings, denoted at 1 is a first object (object surface A) which is a mask, for example, and denoted 
at 2 is a second object (object surface B) which is a wafer, for example. The illustrated is an example wherein 
a relative positional deviation of the first and second objects it to be detected. 

Since in this embodiment the light passing through the first object 1 and being reflected by the second obj ct 
2 goes again through the first object 1 and a diffracted at zero-th order thereby, in Figure 3 the first object is 
illustrated in duplication. Denoted at 5 and 3 are alignment marks which are provided on th first and second 
objects 1 and 2, respectively, for obtaining a first signal light Similarly, denoted at 6 and 4 are alignm nt marks 
provided on the first and second objects 1 and 2, respectively, for obtaining a second signal light In Figure 6, 
th paths are illustrated with th afig nment marks 3 and 4 being replaced by equivalent transmission type align- 
ment marks. 

Each of the alignment marks 3-6 comprises an optical member with wavefront converting function which 
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serves as a physical optic element such as, for exampi , a grating lens having an optica power (such as a 
one-dimensional r two-dimensional lens function) or a diffraction grating having no lens function. 

In this embodiment, the two alignment marks 5 and 6 provided on the first object 1 are spaced from each 
other in the alignment direction or the positional deviation detecting direction (X direction), by a predetermined 

5 distance. On the other hand, the two alignment marks 3 and 4 provided on the second object 2 are juxtaposed 
with each other. Here, the alignment mark setting is such that, when, of light from a light source means (not 
shown), light inputted to the two alignment marks 5 and 6 of the first object 1 and diffracted at zero-* order by 
the alignment marks 5 and 6 (simply transmitted) is incident on the second object 2 surface, the two alignment 
marks 3 and 4 are positioned outside the region in which the light is incident 

10 Here, it is not necessary that the alignment marks 3 and 4 of the second object are positioned completely 
outside the region of incidence of the zero-th order diffraction light, and they may partially overlap that region. 
If, as an example, the area of the overlapped portion is not greater than about 30 % of the area of the alignment 
mark, the object of the present invention can be accomplished sufficiently. This structure is effective to reduce 
the intensity of unwanted diffraction light, other than the signal light, to a level not greater than one-third of the 

15 signal Bght and, therefore, the effect of the unwanted diffraction light upon the positional deviation detection 
can be made small. 

Denoted at 9 is a wafer scribe line and denoted at 10 is a mask scribe line. Each alignment mark is formed 
on the corresponding scribe line. Reference numerals 7 and 8 denote the first and second alignment signal 
lights, whie reference numerals T and 8' denote (unwanted) diffraction lights of predetermined orders related 

20 to the first and second signal lights 7 and 8 and causing a detection error factor. 

In this embodiment, the first signal light 7 is provided by a (1, -1, 0)-th order light the second signal light 
8 is provided by a (-1 , 1, Q)-th order light; the light T is proyided by a (0, -1, 1)-th order light; and the light 8' is 
provided by a (0, 1 , -1)-th order light, like the first embodiment 

Denoted at 1 1 and 1 2 are first and second detecting means for detecting the first and second signal lights 

25 7 and 8, respectively. Each of the first and second detecting means comprises a one-dimensional (linear) CCD 
sensor, for example, having its sensing elements arrayed in the X-axis direction. 

For convenience in explanation, the optical distance from the second object 2 to the fast detecting means 
11 or the second detecting means 12 is denoted by L. Further, g denotes the distance between the first and 
second objects 1 and 2; ^ and f 3 denote the focal lengths of the alignment marks 5 and 6; Ao denotes the relative 

30 positional deviation of the first and second objects 1 and 2; and St and S2 denote displacements of the gravity 
center positions of the first and second signal lights on the first and second detecting means, respectively, at 
that time, from the positions as assumed under correct alignment Conveniently, the alignment light inputted 
from an unshown light source to the object 1 is a plane wave. The signs are such as illustrated. 

Each of the displacements S, and S2 can be determined geometrically as a point of intersection between 

35 (i) the light receiving surface of the first (or second) detecting means 1 1 or 1 2 and (fi) the straight line that con- 
nects the focal point F, (Fj) of the alignment mark 5 (6) and the optical axis center of the alignment mark 3 (4). 
Therefore, the opposability in direction of the displacements and S 3 of the gravity centers of these lights, 
responsive to a relative positional deviation of the first and second objects 1 and 2, is attainable by applying 
an inversrve relationship to the signs of optical imaging magnifications of the alignment marks 3 and 4. 

40 In this embodiment, examples that can be used as a light source are: a light source such as a semiconductor 
laser, a He-Ne laser, an Ar laser or the like that can emit a coherent light; and a light source such as a light 
emitting diode or the lice that can emit an incoherent light 

In this embodiment, as shown in Figure 7, the (1,-1, 0)-th order light which ts the lights 7 as well as the 
(-1,1, 0>4h order light which is the light 8, are those lights: which are incident upon the alignment marks 5 and 

45 6, respectively, on the mask 1 surface each at a predetermined angle; which are then transmissiveiy diffracted 
by these marks and then reflectively diffracted by the alignment marks 3 and 4 on the wafer 2 surface, respect- 
ively; and which are then incident on the detecting means 1 1 and 12, respective^. On the other hand, the (0, -1 , 
1)-th order light which is the light T as well as the (0, 1, -1)~th order light which is the light 8', are those lights: 
which are transmitted atzero-th order by the alignment marks 5 and 6 on the mask 1; which are then reflectively 

50 diffracted by the alignment marks 3 and 4 on the wafer 2 surface, respectively; and which are then transmis- 
siveiy diffracted by the alignment marks 5 and 6 on the mask 1 surface and incid nt on an area outside the 
detecting means 11 and 12. Alternatively, if these lights are incid nt on the detecting means 11 and 12, they 
do not adversely affect th detection of the first and second signal lights, and the alignment marks 3 - 6 are so 
set 

55 The gravity center positions of th first and second alignment lights 7 and 8, respectively, incident on the 

respectiv detecting means 1 1 and 12 are detected and, by using output signals from the detecting means 1 1 
and 12, any positional d viati n of the mask 1 and the wafer 2 can b detected. 

Next, description will be made of the angle of projection f the light to an alignment mark with respect to 
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a normal to the alignment mark surface (Figure 6) as well as the position of incidence of the light upon the detect- 
ing means surface responsive to a positional deviation Ao of the first and second obj cts. 

If the center position {optical axis position) of the first alignment mark 5 of the first object is denoted by 
(*mm. Ymoi» 0) and the position of the imaging point of a parallel light incident on the alignment mark 5 with an 

s angle 0 in the X-2 plane is denoted by (xui, Vmi» Zmi)» ^ en & follows that z M1 = -f t . 

On the other hand, it is assumed that the center position (optica) axis position) of the alignment mark 3 of 
the second object as there is no relative positional deviation is denoted by (xyyi > Ywi » "9) anc * al® 0 that the align- 
ment mark 3 is so designed as to form, at a position (x s1 , y S i, Zsi)» an image of a point light source (point image) 
which is at a position (XMit Ym> -*t) ' there is no positional deviation. Similarly, the center position (optica) axis 

10 position) of the alignment mark 6 of the first object is denoted by (x^, y^, 0) and, like the alignment mark 5, 
the imaging point position of a parallel light incident on the alignment mark 6 at an angle 0 in the X-Z plane is 
denoted by (xmz, y^, -fa). Further, it is assumed that the center position (optical axis position) of the alignment 
mark 4 as there is no positional deviation is denoted by (xw2, yw2» -9) and that the mark 4 is so designed as to 
form, at a position (Xs2, Ysz> Zsa)> an image of a point light source (point image) which is at a position (x^, Y^, -f 3 ) 

15 as there is no positional deviation. Additionally, the distance from the mask surface 26 to the detecting means 
surface is denoted by L 

When, under the above parameter setting, the displacement of the gravity center position of the light (1, -1, 
0)-th order light which is the light 7 to be caused upon the detecting means surface in response to a positional 
deviation Aa of the second object relative to the first object, is denoted by S 11y then it can be expressed as 
20 follows: 

Sn = [1 - L/(frg)](x W i - x M i + Ao) + x*h (21) 
Similarly, when the displacement of the gravity center position of the (-1, 1, OMh order light which is the 
light 8 to be caused on the detecting means surface, is denoted by S 12 then ft can be expressed as follows: 

S12 = [1 - Ly(f3-g)]{Xw2-XM2 + A<y) + x^ (22) 
25 Further, from the general relationship on lens imaging characteristics, it follows that 

Xmo, ^Xm.0 - 1,2) (23) 
Also, Xm and Xwi are the quantities that are determined by the angles of deflection, with respect to the chief ray 
of input light, of the alignment marks of the first and second objects as well as the focal lengths of these marks, 
respectively, and they are expressed as follows: 



30 



35 



x Mi 58 f 2i-1 tan <*2i-1 



<i = 1 r 2) •••(24) 



Now,- it is assumed that the center of the alignment mark setting region of the first object is taken as an 
origin; the X axis is laid on the alignment mark surface along direction with respect to which the positional devi- 
ation is to be detected; the Y axis is laid along a direction perpendicular to the X axis; and the Z axis is laid 
40 along a direction of a normal to the alignment mark surface. 

The detecting means has a light receiving zone with its center denoted by (Xs, ys> Zs)> and the light receiving 
zone has a rectangular shape of a size d, in the X direction and d 2 in the direction perpendicular thereto. 

In the present embodiment, the relative distance d in the X direction of the positions of incidence of the 
two lights 7 and 8 (light quantity gravity center positions of them) upon the detection surface, is measured and, 
45 from a difference of the measured relative distance d from a reference length do, that is, from a difference S - 
d - d 0 , the positional deviation is determined. Namely: 
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= [1 - W(f 1 -g)](x w - X M1 + #J) + x Ml 

- [1 - i*/<f 3 -g>]<x w2 - x M2 + AO) - 
[i*/<f 3 -g> - r./(f 1 -g)3Aa 

+ [1 - L/(f r g)l(x wr x M1 ) 

- [1 * W(f 3 -g)](x w2 -x M2 ) + x M1 - x M2 

= [ii/(f 3 -cr) - L/ffj-gHAa + d 0 ..-(25) 



wh rein 

do = [1 - L/ffi-gMCxwrXMi) - 11 - ^(fe-g)](XwrXM2> + x M i - Xmz 
From equation (25) f the difference S is given by: 

S = U1/(f 3 -9)-1/(fi-g)lAa 

20 If 

a = m/(f3-g)«i/(fi-g)l 

then, a represents the detection magnification to a positional deviation Ac. Therefore, if a is known, from S/a, 

it is possible to determine the positional deviation Ac. 

An important feature of the present embodiment is that, in addition to the locations of the alignment marks. 
25 as seen in Figure 6, the path of the first signal light 7 intersects the path of the second signal light 8 in the course 

of convergence upon the detection surface. 

A Gaussian-distribution parallel light having a peak of intensity distribution in the neighborhood of a middle 

point O of the alignment marks 5 and 6 is projected onto the first object (mask) 1 and the paths for the first and 

second signal lights 7 and 8 intersect with each other. When this anrangement is adopted, as a result of ray 
30 tracing simulation, the inventors have revealed that, even if the spacing between the first and second objects 

(mask and wafer) changes, the relative gravity center distance d of the two lights upon the detection surface 

substantially unchange. 

Thus, the present embodiment effectively reduces occurrence of an error in the positional deviation 
measurement, due to a change in the relative light quantity of the (1, -1, 0)-th order light and the (0, -1, 1)-th 
35 order light or a change in the spacing between the first and second objects. 

As a matter of course, the present embodiment can be applied to a proximity type semiconductor device 
manufacturing apparatus such as illustrated in Figures 5A - 5C. 

Figure 8 is a schematic representation, showing a modified form of the second embodiment, and like num- 
erals as of those of Figure 6 are assigned to corresponding elements. 
40 In this example, the first object 1 is provided with an alignment mark 5 defined by a single continuous zone, 
whfe the second object 2 is provided with two alignment marks 3 and 4 which are spaced from each other by 
a predetermined distance. The alignment marks 3 and 4 are positioned outside such a region within which the 
light inputted to the alignment mark 5 of the first object 1 and diffracted at zero-th order thereby is incident on 
the second object 

45 In this embodiment, for convenience, the light influenced by wavefront converting function at the second 
object 2 surface is llustrated as being transmitted through the second object 2. Actually, however, it may be 
such light reflected by the second object 2 surface and then transmissively diffracted at zero-th order by the 
first object 1 surface. 

As regards the locations of the alignment marks, the alignment marks 3 and 4 are disposed separately firora 
so each other so as to prev nt that, as there is substantially no positional deviation, the alignment marks 3 and 4 
of the second object 2 are positioned just below the alignment mark 5 of the first object 1 . Or, the size and loca- 
tion of each alignment mark are so determined that, wh nthealignm nt mark of the second object 2 is partially 
located just below the alignment mark 5 of the first object 1, the area of such region in which the alignment 
mark of the first object 1 as projected onto the second object 2 surface overlaps with the alignment marks 3 
65 and 4 of the second object 2, is made sufficiently small such as, for example, not greater than 30 % of the total 
area of the alignment marks of the second object 

Under th alignment mark setting as described above, in the present embodiment, th first signal light 7 
is such light as diffracted at positive first order by the alignment mark (grating lens) 5 of th mask 1 and trans- 
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nutted through th first object 1 in the form of a convergent light, th n diffracted at first order by th alignment 
mark 4 of the second object 2 and reflected by the second object 2 surface and, th n, transmitted at zero-th 
order through the first object 1 and, finally, converged upon the detecting means 1 1 surface. 

Thewav front converting action of the grating I ns (alignment mark) 4 of th s cond object 2 is light diverg- 
5 ing action, and the grating lens 4 serves as a concave lens. 

On the other hand, the second signal light 8 is such fight as influenced by negative first order diffracting 
action (concave lens action) of the alignment mark 5 of the first object and transmitted through the first object 
1 in the form of a divergent light, then influenced by first order reflective diffraction action of the alignment mark 
3 of the second object (serving as a convex lens), and then, after passing through the mask 1, finally converged 
10 upon the detecting means 12 surface, like the first signal light 7, 

As described hereinbefore, in the present embodiment, two lights which are different in sign of diffraction 
order (positive and negative) are produced by the grating lens (alignment mark) 5 of the first object (mask) 1, 
and these lights are influenced by different wavefront converting actions of the grating lenses (alignment marks) 
3 and 4 disposed in different regions on the second object (wafer) 2 surface. Then, from the gravity center post- 
15 tons of light intensity distributions of the two lights upon the detection surface 26, the relative gravity center 
distance of these two Ifchts is detected and, in a manner similar to that of the second embodiment, the relative 
positional deviation of the first and second objects is determined. Also, in the present embodiment, IBce the sec- 
ond embodiment, upon the detection means 1 1 and 1 2, to the light diffracted by the combination of the alignment 
marks 4 and 5, a single signal light, that is, the (1,-1, 0)-th order light 7 is focused and, also, to the light diffracted 
20 by the combination of the alignment marks 3 and 5, a single signal light, that is, the (-1,1, OHh order light 8 is 
focused In this manner, as the signal light a single light having a history of diffraction orders, predetermined, 
can be received and, therefore, the occurrence of positional deviation measurement error due to convergence 
of plural lights having different histories of diffraction orders can be suppressed. 

White in these embodaments the phenomenon that the spacing in the X direction of the gravity center posi- 
25 tions on two light detecting means changes in proportion to the relative positional deviation in the X direction 
of a first object (mask) and a second object (wafer) is used, and the change in the spacing is detected. However, 
the present invention is not limited to this. As an example, the invention is applicable also to an arrangement 
wherein the relative positional deviation of the mask and the wafer is detected on the baste of proportional rela- 
tionship between © the quantity of deviation of the gravity center position of the diffraction light upon a single 
30 detecting means, from a preset reference position thereon, and (ii) the quantity of relative positional deviation 

of the mask and the wafer. 

Further, like the first embodiment, the (0, -1, 1>* order light or the (0, 1,-1)-th order light may be used as 
a signal Ifcht, white preventing the production of or reducing the intensity of the (1, -1 , 0)-th order light or th 
(-1,1, OHh order light 

35 A position detecting system according to a third embodiment of the present invention is featurized in that 
Where a relative positional deviation of first and second objects opposed to each other is to be detected, the 
first object is equipped with two alignment marks A1 and A2 each having a wavefront converting function while 
the second object is equipped with two alignment marks B1 and B2 each having a wavefront converting function. 
Light from a light projecting means is projected obliquely upon the first object surface, from one of opposite 

40 sides of a reference plane as defined by a normal to the first object surface and a direction perpendicular to 
the positional deviation detecting direction. The light is influenced by the wavefront converting functions of the 
alignment marks A1 and B1 , whereby a first (signal) light is produced. Also, light from the light projecting means 
is projected obliquely upon the first object surface, from the other side of the reference plane, and the light is 
influenced by the wavefront converting functions of the alignment marks A2 and B2, whereby a second (signal) 

45 light is produced. Each of the first and second lights is directed to a predetermined plane, and the position of 
incidence of the first tight or the second light upon that plane is detected through a detecting means. The relative 
positional deviation of the first and second objects is determined by using an output signal from the detecting 
means. 

Particularly, in this aspect of the present invention, the two alignment marks A1 and A2 provided on th 
50 first object are spaced from each other in the positional .deviation detecting direction, by a predetermined dis- 
tance. The angles of incidence of the lights inputted from the light projecting means to th two alignment marks 
A1 and A2 are so set that the paths of regularly reflected lights from the alignment mark surfaces do not intersect 
with each other. Each of the first and second (signal) lights is influenced by the imaging action of corresponding 
alignment mark, and the path of the first light and the path of the second light, as projected ntoth first object 
55 surface, intersect with each other. The direction and angle of incid nee of each of the two lights as well as the 
shape of mark pattern, rotation and the like of each alignment mark are so set 

More specifically, in a preferred form of this embodiment of th present invention, when an object surface 
A provides the first object while an object surface B provides the second object, first and second signal pro- 
id 
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duting alignment marks A1 and A2 each having a function of a physical optic element, are formed on th obj ct 
surface A. Also, on the other object surface B, first and second signal producing alignment marks B1 and B2 
stmiarly each having a function of a physical optic element are formed. Light is inputted to the alignment mark 
A1 . and diffraction light caused thereby is inputted to th alignment mark B1 . Diffraction light from the alignment 

5 mark B1 is incident on a predetermined plane, and the gravity center of the incident light on that plane is detec- 
ted by a first detecting means as the position of incidence of the first signal light 

Here, the term "gravity center of light" means such a point that when on a light receiving surface a position 
vector of each point on the surface is multiplied by the light intensity of that point and the thus obtained products 
are inte g r ate d over the entire surface, the integrated level has a "zero vector*. However, as an alternative, the 

10 position of a peak point of the light intensity may be detected. 

Similarly, light is inputted to the alignment mark A2, and diffraction light caused thereby is inputted to the 
alignment mark B2. Gravity center of diffraction light from the alignment mark B2, on a predetermined plane, 
is detected by a second detecting means, provided on that plane, as the position of incidence of the second 
signal light 

15 Here, the light to be inputted to the alignment mark A1 and the light to be inputted to the alignment mark 
A2, are projected obliquely in different directions with respect to a difference plane as defined by a normal to 
the first object surface and a direction perpendicular to the positional deviation detecting direction. 

By using two data from the first and second detecting means, the positioning of the objects A and B is exec- 
uted Here, the system is arranged so as to reduce the effect of the (m\ n\ I >th order light or edge scattered 

20 light which causes a detection error factor to the (m, n, I )~th order light 

In this form of the present embodiment the alignment marks A1 , A2, B1 and B2 are so set that the gravity 
center position of the light incident on the first detecting means and the gravity center position of the light incident 
on the second detecting means, shift in opposite directions in response to a positional deviation between the 
objects A and B. 

25 Figure 9 is a perspective view showing a major part of a third embodiment of the present invention. Figure 

10 is a sectional view taken along the X-Z plane in Figure 9, and Figure 11 is a sectional view taken along the 
X-Y plane in Figure 9. 

in these drawings, denoted at 1 is a first object (object surface A) which is a mask, for example, and denoted 
at 2 is a second object (object surface B) which is a wafer, for example. The illustrated is an example wherein 

30 a relative positional deviation of the first and second objects it to be detected. Denoted at 5 and 3 are alignment 
marks which are provided on the first and second objects 1 and 2, respectively, for obtaining a first signal light 
Similarly, denoted at 6 and 4 are alignment marks provided on the first and second objects 1 and 2, respectively, 
for obtaining a second signal light In this example, the alignment marks 5 and 6 of the first object 1 are spaced 
from each other in the deviation detecting direction (X direction) by a predetermined distance. 

35 Each of the alignment marks 3-6 comprises an optical member with wavefront converting function which 
serves as a physical optic element such as, for example, a grating lens having a one-dimensional or two-dimen- 
sional lens function or a diffraction grating having no lens function. Denoted at 9 is a wafer scribe line and 
denoted at 1 0 is a mask scribe line. Each alignment mark is formed on the corresponding scribe line. Reference 
numerals 7 and 8 denote the first and second (alignment) signal lights. 

40 The first and second signal lights 7 and 8 are projected obliquely, from different sides of a reference plane 
T as defined by a normal to the first object 1 surface and a direction (Y direction) perpendicular to the positional 
deviation detecting direction (X direction). In these drawings, the first and second signal lights are projected 
obliquely in the directions substantially symmetrical with respect to the reference plane T. 

Reference numerals T and 8' denote (unwanted) diffraction lights of predetermined orders related to the 

45 first and second signal lights 7 and 8. 

In this embodiment the first signal light 7 is provided by a (1 , -1 , oyth order light the second signal light 
8 is provided by a (-1 , 1, 0>th order light the light T is provided by a (0, -1, 1)4h order light and the light 8' is 
provided by a (0, 1, -1)4h order light 

Denoted at 1 1 and 12 are first and second detecting means for detecting the first and second signal lights 

so 7 and 8, respectively. Each of th first and second detecting m ans comprises a one-dimensional (linear) CCD 
sensor, for example, having its sensing I ments arrayed in the X-axis direction. 

For conv nience in explanation, th optical distance from the second object 2 to the first detecting means 

11 or the second detecting means 12 is denoted by L Further, g d n tes the distance between th first and 
second objects 1 and 2; f a1 and f& denote the focal lengths of the alignment marks 5 and 6; Act denotes the 

55 relative positional deviation of the first and second objects 1 and 2; and S 1 and Sz denote displacements of the 
gravity center positions of the first and second signal lights on the first and second detecting means, respect- 
ively, at that time, from the positions as assumed under correct alignment Conv nientiy, the alignment light 
inputted to the object 1 is a plane wav . The signs are such as illustrated. 
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Each of th displacements S 1 and S2 can be determined geometrically as a point of intersection between 
(0 the light receiving surface of the first (or second) detecting means 1 1 or 12 and (ii) the straight line that con- 
nects the focal point F t (F2) of the alignment mark 5 (6) and the optical axis center of the alignm nt mark 3 (4). 
Therefore, the pposability in direction of the displacements S t and S2 of the gravity centers of these lights, 
5 responsive to a relative positional deviation of the first and second objects 1 and 2, is attainable by applying 
an inversive relationship to the signs of optical imaging magnifications of the alignment marks 3 and 4. 

In this embodiment, examples that can be used as a light source are: a light source such as a semiconductor 
laser, a He-Ne laser, an Ar laser or the like that can emit a coherent light; and a light source such as a light 
emitting diode or the Ifce that can emit an incoherent light 
10 In this embodiment, as shown in Figure 10, the (1, -1, 0>th order light which is the lights 7 as well as the 

(-1,1, 0)-th order light which is the light 8, are those lights: which are incident upon the alignment marks 5 and 
6, respectively, on the mak 1 surface each at a predetermined angle; which are then transmissively diffracted 
by these marks and then reflectively diffracted by the alignment marks 3 and 4 on the wafer 2 surface, respect- 
ively; and which are then incident on the detecting means 11 and 12, respectively. 
15 Referring now to Figure 1 1 , description will be made of a light projecting optical system for projecting fights 
upon the alignment marks 5 and 6 of the first object, in different directions. 

Figure 1 1 is a general and schematic view, as seen from the above, of an alignment pickup head 36 which 
accommodates in a single casing light sources 38 and 39, light projecting optical systems 30 and 31, mirrors 
34 and 35, and light receiving optical systems 32 and 33, as well as the alignment marks 3-6 and the first and 
20 second Eights 7 and 8, 

The first signal light 7 emanates from the light source 38 and, after passing the tight projecting optical sys- 
tem 30 and the mirror 34, it is projected to the alignment mark 5 of the first object (mask) 1 at a predetermined 
angle. Similarly, the second signal light 8 emanates from the light source 39 and, after passing the light pro- 
jecting optical system 31 and the mirror 35, it is projected onto the alignment mark 6 of the first object 1 at a 
25 predetermined angle. Here, the angles of incidence of the first and second lights 7 and 8 upon the first object 
are so set that, in order to prevent intersection of regularly reflected lights from the first object 1 surface as 
irradiated, the input lights to be projected to the first object 1 surface intersect, beforehand, with each other. 

This facilitates the setting of location, size and the Ifce of each alignment mark, necessaryfor avoiding deg- 
radation of the positional deviation measurement precision which otherwise is caused by impingement on the 
30 first detecting means 1 1 surface of plural positional deviation signal Eights such as, for example, the (1,-1, 0)-th 
order diffraction light which is the light 7 and the (0, -1 , 1)-th order diffraction light which is the light 7'. Also, it 
is possible to avoid impingement on the surface of the first or second detecting means 1 1 or 1 2 of edge scattered 
light, from an edge of a circuit pattern extending in the X direction. 

Referring to Figure 10, the conditions for avoidance will be explained. 
35 As regards the concurrent production of a signal light, Le., the (1,-1, 0)-th order light 7 and an unwanted 
light, Le., the (0, -1 , 1>th order light 7', the present embodiment is arranged so that only the (1 , -1 , 0)-th order 
light is received as the signal light To this end, with regard to the angle of incidence of each of the first and 
second signal lights 7 and 8 upon the first object 1 surface and with regard to the location in the X direction of 
each of the alignment marks 3-6, there is a condition such as follows: 
40 gtan0 > t (31) 

wherein g is the spacing between the first and second objects in the Z direction, 0 is the angle of incidence in 
the X-Z plane of each signal light 7 or 8, with respect to a normal to the first object 1 surface, and t denotes 
the distance in the X direction between the boundary of each alignment mark in -X direction (+X direction) on 
the first object and the boundary in +X direction (-X direction) on the second object (the parenthesized being 
45 related to the alignment mark for the first signal light 7), as seen in Figure 1 0. 

Also, in order to avoid impingement of edge scattered light from a pattern upon the detecting means 11 or 
12, there is a condition such as follows: i 

ZStan02 + xs 2 > xsM (32) 

and 

so -ZStan0 1 ♦ xst>-xsM (33) 

wherein 01 and 02 each denotes an angle defined in the X-Z plan between the chief ray of input light and a 
normal to the first object 1 surface, ZS is the distance from the first object 1 surface to the detecting means 1 1 
or 1 2 in the Z direction, xs 1 and x$2 represent the center positions of the alignment marks 5 and 6, respectively, 
on the first object 1 surface with respect to the X direction, and ±xsM represents the positions of the opposite 

55 ends of the light receiving zone of each detecting means in the X direction. 

In the present embodiment, in accordance with equations (31), (32) and (33), the conditions for impinge- 
ment of the first and second alignment signal lights upon the first object 1 surface, the location and size of each 
alignment mark, the imaging condition for each of the first and second lights 7 and 8, and the like, are designed 
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appropriately, to thereby assure avoidance of unwanted diffraction lights T and 8' or edge scattered fight, from 
impinging on th detecting means 11 or 12. 

Further, in th present embodiment, the first and second lights 7 and 8 are projected to the first object at 
angles substantially symmetrical with each other, with respect to the reference plane T, and the structure of 
5 the overall system is approximately symmetrica! with respect to the reference plane T. With this arrangement, 
any change in the position of incidence of the light upon the detecting means, due to relative inclination of the 
first and second objects, any change in the spacing therebetween or the light, can be cancelled relatively be- 
tween the first and second signal lights 7 and 8. 

Further, as compared with the distance between the alignment marks 5 and 6 of the first object (as 
10 measured in the X direction), the distance between the alignment marks 3 and 4 of the second object (as 
measured in the X direction) can be made small. As a result, the detection is not affected by any local waviness 
or distortion of the surface of the second object 

Next, description w3l be made of the angle of projection of the light to an alignment mark with respect to 
a normal to the alignment mark surface as well as the position of incidence of the light upon the detecting means 
15 surface responsive to a positional deviation of the first and second objects in the X direction. The alignment 
marks 3, 4, 5 and 6 are provided by grating lenses, respectively. These grating lenses 5, 3, 6 and 4 have res- 
pective focal length which are denoted by % f^ f 3 and U> respectively. 

If the center position (optical axis position) of the alignment mark 5 of the first object is denoted by (Xmoi. 
yinrt, 0) and the position of the imaging point of a parallel light incident on the alignment mark 5 with an angle 
20 9 is denoted by (x^, y M1( z^), then it follows that Zmi - -f * 

On the other hand, it is assumed that the center position (optical axis position) of the alignment mark 3 of 
the second object as there is no relative positional deviation is denoted by (xm , y w1 , -g) and also that the align- 
ment mark 3 is so designed as to form, at a position (x^, y®,, z s1 ), an image of a point light source (point image) 
which b at a position (xml y«i, -fi) if there is no pos&ional deviation. Similarly, the center position (optical axfe 
25 position) of the alignment mark 6 of the first object fe denoted by (xmo* Vm2* 0). and the imaging point position 
of the parallel light by the alignment mark 6 is denoted by (x^, -fa)- Further, it is assumed that the center 
position (optical axfe position) of the alignment mark 4 as there is no positional deviation is denoted by (xyc. 
y*2. -g) and that the mark 4 is so designed as to form, at a position (xg*, ys* ZsJ* an image of a point light 
source (point image) which is at a position (Xm* Ym* -fa) as there * s no positional deviation. 
30 When, underthe above parameter setting, the displacement of the gravity center position of the (1, -1, 0)-th 

order light which provides the light 7 to be caused upon the detecting means surface in response to. a positional 
deviation Act of the second object relative to the first object, is denoted by S in then it can be expressed as fol- 
lows: 

S„ = [1 - U(frg)](x W i -*mi + £ > + *mi < 33 > 
35 Simflarty , when the displacement of the gravity ce nter position of the (-1,1, 0)-th order light which provides 
the light 8 to be caused on die detecting means surface, is denoted by S 12 then it can be expressed as follows: 

S 12 = [1 - L/(fr9)Kxw2-XM2 + s) + Xm2 (35) 
Further, from the general relationship on lens imaging characteristics, it follows that 

Xmoi = Xm, + Wan9(i = 1, 2) (36) 
40 Also, xmi and xy* are the quantities that are determined by the angles of deflection, with respect to the chief ray 
of input light, of the alignment marks of the first and second objects as we» as the focal lengths of these marks, 
respectively, and they are expressed as follows: 



45 



x Mi = f 2i-1 tan ^2i-1 

(i = 1, 2) ...(37) 
l x Wi = f 2i tan <*2i * 



Here, Q-9-JZ^(j = 1»4) defines the angle of deflection of each alignment mark with an incidence angle 9. 
so Now, it is assumed that the center of the alignment mark of the first obj ct is taken as an origin; th Xaxis 
b laid on th alignment mark surface along direction with respect to which th positional deviation fe to be detec- 
ted; the Y axb b laid along a direction perpendicular t th X axfe; and th Z axis fe laid along a direction of a 
normal to the alignment mark surface. Also, it fe assumed that 01 * -62 and that the lights are projected sym- 
metrically. 

55 Th detecting means has a light receiving zon with its center denoted by (0, y s , Zs) in the X-Y orthogonal 

coordinate system, and the light receiving zone has a rectangular shape of a siz di in the X direction and 62 
in the direction perpendicular thereto. 

Considering the (1,-1, 0)-th order light, and equation (36) is substituted into quations (34) and H5), then 
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the displacements S 1t and S 12 of the light quantity gravity center positions of th first and second (signal) lights 
7 and 8 are expressed as follows: 

S„ = [1 - IJfi-g^tani^rXMoi + fitanG t + e) + -^tanGi (340 
S 12 - [1 - L/(frg)l(t4tan0 4 -x Mor f 3 tan0t + e) + Xwot + f 3 tan0 1 (35') 
5 Here, the coordinate origin on the X axis is faid at the middle point between the alignment marks 5 and 6 on 
the first object (the middle of the segment connecting the centers of these alignment marks). 

Figure 12 is a schematic representation, showing a modified form of the third embodiment of the present 
invention. 

In this embodiment, two alignment marks 3 and 4 provided on a second object (wafer) 2, are formed with 
10 overlapping, in a single and common region. This is effective to avoid a change, from a design value, of the 
relative distance in the X direction of the two, first and second lights 7 and 8 upon the first and second detecting 
means 1 1 and 12, which otherwise is caused by local inclination or waviness of the second object (wafer) 2 
surface. 

In addition, the advantageous effects as attainable with the third embodiment can be attained also in the 
15 present embodiment, by optical path designing for the first and second lights 7 and 8 in accordance with equ- 
ations (31), (32) and (33). 

This embodiment is so arranged that the first and second lights 7 and 8 emanating from the second object 
(wafer) 2 surface, are deflected and projected obliquely to the regions of the alignment marks 5 and 6 on the 
first object (mask) 1. 

20 With the intersecting light paths for the inputlight, as a result of ray tracing simulation made by the inventors, 
it has been confirmed that a change in the relative distance of the first and second lights 7 and 8 upon the first 
and second detecting means 11 and 12, namely, a positional deviation measurement error, which otherwise 
is caused by a change in the spacing between the first and second objects or a change in the center position 
of the irradiation region as the light is projected to the first object can be prevented satisfactorily. 

25 As a matter of course, the third embodiment of the present invention can be applied to a proximity type 
semiconductor device manufacturing apparatus such as shown in Figures 5A - 5G. 

In accordance with the third embodiment of the present invention, for the detection of relative positional 
deviation of a first and second objects, the angle or direction of incidence of each of two lights upon the first 
object as well as the location or size of each alignment mark are so set as to satisfy the conditions defined by 

30 equations (31), (32) and (33). This ensures the following advantageous effects: 

(a) It is possible to avoid impingement and convergence, upon the light receiving zone of the detecting 
means, of diffraction light other than desired diffraction light (signal light) of predetermined order or orders. 

(b) It is possible to avoid impingement, upon the light receiving zone of the detecting means, of edge scat- 
tered light from a circuit pattern, for example formed on the object surface. 

35 (c) It is possible to suppress a positional deviation measurement error which otherwise is caused by a 

change in the spacing between the first and second objects, relative surface inclination of them or a change 
in the relative position of them in a direction perpendicular to the positional deviation detecting direction. 
A position detecting system according to a fourth embodiment of the present invention is featurized in that 
For detection of a relative positional deviation of first and second objects which are disposed opposed to each 

40 other, the first object is equipped with an alignment mark A1 having a wavefront converting function while the 
second object is equipped with an alignment mark B1 having a wavefront converting function, wherein the align- 
ment mark B1 is formed in a region spaced from a region of the alignment mark A1 of the first object as projected 
onto the second object, with respect to a direction substantially perpendicular to the positional deviation detect- 
ing direction. Light is projected from a light projecting means onto the first object in an oblique direction, and 

45 light influenced by the wavefront converting functions of the alignment marks A1 and B1 of the first and second 
objects is directed to a predetermined plane. The positions of incidence of these lights upon that plane are 
detected through a detecting means and, by using an output signal from the detecting means, the positional 
deviation is detected. * 

In a preferred form of this embodiment of the present invention, two alignment marks A1 and A2 each having 

so a wavefront converting function are provided on the first; object, along the positional deviation detecting direc- 
tion, while two alignment marks B1 and B2 each having a wavefront converting function are provided on the 
second object, along the positional deviation detecting dir ction and in a region spaced from a region of the 
alignment marks A1 and A2 of the first object as proj cted onto the second object, with respect to a direction 
substantially perpendicular to the positional deviation detecting direction. Of light from a light projecting means, 

55 first light as influenced by th wavefront converting functions of the alignment marks A1 and B1 of the first and 
second objects as well as second light as influenced by the wavefront converting functions of the alignment 
marks A2 and B2 of the first and second objects, are direct d to a predetermin d plane. The positions of inci- 
dence of the first and second lights on that plane are detected by detecting means and, by using output signal 
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from the detecting means, th positional deviation is detected. 

In this aspect of the present invention, each of the alignment marks At, A2 t B1 and B2 comprises a physical 
optic element having an imaging function in the positional deviation detecting direction. 

More specifically, in a preferred form of this embodiment of the present invention, when an object surface 
5 A provides the first object while an object surface B provides the second object, first and second (signal pro* 
ducing) alignment marks A1 and A2 each having a function of a physical optic element are formed on the object ' 
surface A. Also, on the other object surface B, first and second (signal producing) alignment marks B1 and B2 
similarly each having a function of a physical optic element, are formed. 

Here, the region on the second object in which the two alignment marks B1 and B2 are formed, is spaced 
10 by a predetermined distance from a region of the two alignment marks A1 and A2 of the first object as projected 
onto the second object, with respect to a direction substantially perpendicular to the positional deviation detect- 
ing direction. The alignment marks B1 and B2 are formed in that region, along the positional deviation detecting 
direction. 

Light is inputted to the alignment mark A1, and diffraction light caused thereby is inputted to the alignment 
15 mark B1. Diffraction light from the alignment mark B1 is incident on a predetermined plane, and the gravity 
center of the incident light on that plane is detected by a first detecting means as the position of incidence of 
the first signal light 

Here, the term "gravity center of light" means such a point that, when on a light receiving surface a position 
vector of each point on the surface is multiplied by the light intensity of that point and the thus obtained products 
20 are integrated over the entire surface, the integrated level has a 'zero vector". However, as an alternative, the 
position of a peak point of the light intensity may be detected. 

Simiariy, light is inputted to the alignment mark A2, and diffraction light caused thereby is inputted to the 
alignment mark B2. Gravity center of diffraction light from the alignment mark B2, on a predetermined plane, 
is detected by a second detecting means as the position of incidence of the second signal light By using two 
25 data from the first and second detecting means, the positioning of the objects A and B is executed. Here, various 
factors are so set that the (nf, n\ f >th order light which causes a detection error factor to the (m, n, f )-th order 
light is not received by the detecting means. 

In this form of the present embodiment the alignment marks A1 , A2, Bl and B2 are so set that the gravity 
center position of the light incident on the first detecting means and the gravity center position of the light incident 
so on the second detecting means, shift in opposite directions in response to a positional deviation between the 
objects A and B. 

Figure 1 3 is a perspective view of a major part of a fourth embodiment of the present invention. Figure 14 
shows, in an extended view, a portion of the Figure 13 embodiment Figure 15 is a sectional view of the Figure 
13 embodiment as seen in the X direction. 

35 In these drawings, denoted at 1 is a first object (object surface A) which is a mask, for example, and denoted 
at 2 is a second object (object surface B) which is a wafer, for example. The illustrated is an example wherein 
a relative positional deviation of the first and second objects it to be detected. 

Since in this embodiment the light passing through the first object 1 and being reflected by the second object 
2 goes again through the first object 1, in figure 14 the first object is illustrated in duplication. Denoted at 5 and 

40 3 are alignment marks which are provided on the first and second objects 1 and 2, respectively, for obtaining 
a first signal light Similarly, denoted at 6 and 4 are alignment marks provided on the first and second objects 
1 and 2, respectively, for obtaining a second signal light In figure 14, the paths are illustrated with the alignment 
marks 3 and 4 being replaced by equivalent transmission type alignment marks. 

Each of the alignment marks 3-6 comprises an optical member with wavefront converting function which 

45 serves as a physical optic element such as, for example, a grating lens having a one-dimensional or two-dimen- 
sional lens function or a diffraction grating having no lens function. 

The alignment marks 5 and 6 of the first object (mask) 1 are disposed along the positional deviation detect- 
ing direction (X direction). The alignment marks 3 and 4 of the second object (wafer) 2 are disposed in a region 
spaced, by a predetermined distance, from a region of the alignment marks 5 and 6 of the first object as being 

so projected onto the second object 2 surface, with respect' to a direction (Y direction) perpendicular to the 
positional deviation detecting direction, and they are disposed along th positional deviation detecting direction. 

Each of the alignment marks 3-6 comprises a grating I ns with a cylindrical pow r, for example, having 
an imaging function with respect to the positional deviation detecting direction (X direction). With respect to the 
Y direction, each mark may have or may not hav an imaging function. 

55 Denoted at 9 is a wafer scribe line and denoted at 10 is a mask scribe line. Each alignment mark is formed 

on the corresponding scribe line. Reference numerals 7 and 8 d not th first and second (alignment) signal 
tights, while reference numerals T and 8' d not (unwanted) diffraction lights of predetermin d orders related 
to the first and second signal lights 7 and 8. 
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In this embodiment, the first signal light 7 is provided by a (1, -1, 0>th order light; the second signal light 
8 is provided by a (-1 , 1 , Q)-th order light; the light T is provided by a (0, -1, 1)-th order light; and th light 8' is 
provid d by a (O t 1, -1)-th order light 

Denoted at 1 1 and 12 are first and second detecting means for detecting the first and second signal lights 
s 7 and 8, respectively. Each of the first and second detecting means comprises a one-dimensional (linear) CCD 
sensor, for example, having its sensing elements arrayed in the X-axis direction. 

For convenience in explanation, the optical distance from the second object 2 to the first detecting means 
11 or the second detecting means 12 is denoted by L. Further, g denotes the distance between the first and 
second objects 1 and 2; f a1 and f& denote the focal lengths of the alignment marks 5 and 6; Aa denotes the 
10 relative positional deviation of the first and second objects 1 and 2; and S t and S2 denote displacements of th 
gravity center positions of the first and second signal lights on the first and second detecting means, respect- 
ively, at that time, from the positions as assumed under correct alignment Conveniently, the alignment light 
inputted to the object 1 is a plane wave. The signs are such as illustrated. 

Each of the displacements $1 and S 2 can be determined geometrically as a point of intersection between 
15 (i) the light receiving surface of the first (or second) detecting means 1 1 or 12 and (ii) the straight line that con- 
nects the focal point F t (Fz) of the alignment mark 5 (6) and the optical axis center of the alignment mark 3 (4). 
Therefore, the opposabilrty in d erection of the displacements S t and S 2 of the gravity centers of these lights, 
responsive to a relative positional deviation of the first and second objects 1 and 2, is attainable by applying 
an inversive relationship to the signs of optical imaging magnifications of the alignment marks 3 and 4. 
20 In this embodiment, examples that can be used as a light source are: a light source such as a semiconductor 

laser, a He-Ne laser, an Ar laser or the like that can emit a coherent light; and a light source such as a light 
emitting diode or the like that can emit an incoherent light 

In this embodiment, as shown in Figure 1 3, the (1,-1, 0)-th order light which is the lights 7 as well as the 
(-1,1, OHh order light which fe the light 8. are those lights: which are incident upon the alignment marks 5 and 
25 6, respectively, on the iriask 1 surface each at a predetermined angle; which are then transmissively diffracted 
by these marks and then reflectively diffracted by the alignment marks 3 and 4 on the wafer 2 surface, respect- 
ively; and which are then incident on the detecting means 11 and 12, respectively. On the other hand, the (0, -1, 
1>th order light which is thp light T as well as the (0, 1, -1)-th order light which is the light 8', are those Ifehts: 
which are transmitted at zero-th order by the alignment marks 5 and 6 or i the mask 1 ; which are then reflectively 
30 diffracted by the alignment marks 3 and 4 on the wafer 2 surface, respectively; and which are then transmis- 
sively diffracted by the alignment marks 5 and 6 on the mask 1 surface and incident on the detecting means 
11 and 12. 

The gravity center positions of the first and second alignment lights, respectively, incident on the respective 
detecting means are detected and, by using output signals from the detecting means 11 and 12, any positional 
35 deviation of the mask 1 and the wafer 2 can be detected. 

Here, in an orthogonal coordinate system wherein X-axis is laid on the positional deviation detecting direc- 
tion, the Z-axis is laid on a normal to the first object and the Y-axis is laid on a direction perpendicular to th X 
and 2 axes, the angle of incidence of the light (alignment signal light) upon the first object 1 surface, in the Y-Z 
plane, is denoted by 0. 

40 In this occasion, the alignment mark disposition in the Y direction perpendicular to the positional deviation 
detecting direction (X direction) is so set that, within the positional deviation measurement range after the preati- 
gnment operation, as shown in Figure 15, the central position of the alignment marks 3 and 4 of the second 
object 2 is always deviated by a predetermined distance dy, with respect to the alignment marks 5 and 6 of the 
first object, in a direction (Y direction) perpendicular to the positional deviation detecting direction, this being 

45 done so as to avoid impingement of zero-th order light transmitted through the alignment marks 5 and 6 of the 
first object 1 upon the alignment marks 3 and 4 of the second object 2. The distance dy is a parameter to be 
determined in dependence upon the width of each alignment mark in the Y^direction and the incidence angle 
8. In this embodiment, the distance dy is so determined as to avoid generation of the (0, -1 , 1)-th order diffraction 
light T and the (0, 1, -1)-th order diffraction light 8' but to allow impingement of only the (1, -1, 0)-th order light 

so 7 and the (-1,1, 0)-th order light 8 upon the detecting means 1 1 and 12. 

More specifically, in Figure 1 5, the distance dy may be determined from the condition that, of the light trans- 
mitted at zero-th order through the first object 1 , th light diffracted at negative first order by a positive Y-directi n 
side edge e in the Y-Z section of the alignment marks 3 and 4 of the second object 2 does not impinge on the 
region of the alignment marks 5 and 6 on th first object 1 surface. 

55 Nam ly, if the widths in the Y direction of the alignment marks 5 and 3 of the first and second objects are 

denoted by WyM and Wyw the center positions of th alignment marks 5 and 3 of the first and second bjects, 
respectively, in the Y direction, are d noted by y0 M and y0 w , and th pitch s (constant) of th alignment marks 
of the first and second objects, in the Y direction, are denoted by P M and P w , th n the position of the edge 
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of th alignment mark can be xpressed as: 

e = yOW + 0.5WyW (41) 

Thus, the condition to be detected is: 

y0« - 0.5Wyw > e + gtan0 (42) 
5 wherein 0 is the emission angle in the Y-Z plane of the negative first order diffraction light with respect to a 
normal to the second object 2 surface, and it can be determined in accordance with a diffraction condition such 
as follows: 

Pw($in9 + sln0) = Jt (43) 
Sincefrom the definition the distance dy is given by dy = yC^ - yO w , from equations (41) and (42) the con- 
to dition related to the distance dy is given by: 

dy > 0.5(WyM + WyW) + gtan0 
Assuming now that the measurement range for a positional deviation Ao, in each of the X and Y directions, is: 

-St < Ao < (e t > 0) (44) 
then, the distance dy is changeable such as follows: 
15 dy°-£ 1 <dy<dy 0 + d (45) 

whereat dy° is a quantity as assumed when Aa = 0, and dy° * 0. 

It is seen therefrom that the condition to be satisfied within the positional deviation measurement range is: 

dy > 0.5(Wy M + Wy") + gtan0 + Aa (420 
In this embodiment, the alignment mark disposition is so determined as to satisfy the conditions given by 
2D equations (420 and (43) and, by doing so, only the (1, -1, 0)-th order light and the (-1, 1, 0)-th order light can 
be received by the detecting means and unwanted crosstalk with the (0, -1, 1)-th order light or the (0, 1, -1)-th 
order light can be avoided. 

The fourth embodiment of the present invention is applicable to a proximity type semiconductor device man- 
ufacturing exposure apparatus such as shown in Figures 5A - 5C. 
25 Figure 1 6 is a schematic view showing a modified form of the fourth embodiment of the present invention. 
In this example, for the detection of a positional deviation in the X direction, only the (0, -1, 1)-th order light 
is detected through the detecting means 11 as the alignment light 7, while only the (0, 1, -1)-th order light is 
detected through the detecting means 12 as the alignment light 8, and the angle of incidence of the light from 
an unshown light source as well as the disposition of the alignment marks 3 - 6 in the Y-Z plane are set accord- 
30 ingly. 

Each of the alignment marks 3*6 has an imaging function with respect to the X direction, 
in this embodiment, the alignment light 7 (8) is projected from a light projecting means (not shown) obliquely 
only the mask 1 surface, at a predetermined angle in the Y-Z plane. In the drawing, the light is projected to a 
region on the mask 1 surface in which the alignment mark 5 (6) is not present The light passed (transmitted 
35 at zero-th order) through the mask 1 is reflective diffracted by the alignment mark 3 (4) on the wafer 2 surface 
and, then, it is diffracted by the alignment mark 5 (6) on the mask 1 surface. The thus diffracted light 7 (8) is 
detected by the detecting means 1 1 (12). 

By using parameter expression similar to that in the fourth embodiment, the condition in the present embo- 
diment can be given by the following simultaneous equations: 
40 e r + gtanS < y0 w - O.SWy* (36) 

e' = yO M + O-SWyM (37) 
P^sine + sinQ - X, (38) 
From equations (36) and (37), the condition to be satisfied by dy = yO" - y0 w , under no positional deviation, is: 

dy < -0.5(Wy M + Wy*) - gtan£ 
45 If the positional deviation measurement range is defined in accordance with equation (34), as in the fourth embo- 
diment, then the condition to be satisfied by the distance dy within the range of equation (34) is: 

dy < -0.50^ + Wyw) . gtan; - s1 (39) * 
By setting beforehand the locations of the alignment marks of the first and second objects in accordance 
with equation (39), it is possible to assure that only the (0, -1, 1)-th order diffraction Tight and the (0, 1, -1)-th 
so order diffraction light are detected by th detecting means as the positional deviation signal lights. 

Whtl in these embodiments the phenomenon that the spacing in the X direction of the gravity center posi- 
tions on two light detecting means changes in proportion to th relative positional deviation in the X direction 
of a first bject (mask) and a second object (waf r) is used, and the change in the spacing is detected. However, 
th pres nt inv ntion is not limited to this. As an example, the inv ntion is applicable also to an arrangement 
55 wherein the relativ positional deviation of the mask and the waf r is detected on the basis of proportional rela- 
tionship between (0 the quantity of deviation erf the gravity center position of the diffraction light upon a single 
detecting means, from a pres t referenc position thereon, and (ii) the quantity f relative posfti nal deviation 
of the mask and th wafer. 
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Further, the system may be modified so that the two signal lights are received by a common detecting 
means* 

A position detecting system according to a fifth mbodim nt of the present invention is featurized in that 
For detection of a relative positional deviation of first and second object which are disposed opposed to each 

5 other, the first object is equipped with two alignment marks A1 and A1' each having a wavefiront converting 
function which marks are provided along a direction substantially perpendicular to the positional deviation 
detecting direction, wh3e the second object is equipped with an alignment mark B1 having a wavefiront con- 
verting function. Of light from a light projecting means, the light as influenced by transmsssive type wavefiront 
converting function of the alignment mark A1 of the first object, as influenced by the reflective type wavefiront 

10 converting function of the alignment mark B1 of the second object and then as influenced by transmission type 
wavefiront converting function of the alignment mark A1' of the first object, is directed to a predetermined plane. 
The position of incidence of the light on that plane is detected through a detecting means and, by using an output 
signal from the detecting means, the positional deviation is detected. 

In an aspect, this embodiment of the present invention is featurized in that Various features are so set 

15 that the alignment mark B1 is positioned in a region outside a region in which the light, of the light from the light 
projecting means, as inputted to the alignment mark AV of the first object and influenced by the transmission 
type wavefiront converting function thereof, is inputted to the second object Or, the region in which the light, 
of the light from the light projecting means, as inputted to the alignment mark A1 ' of the first object and influenced 
by transmission type wavefiront converting function thereof impinges on the second object, overlaps the region 

20 of the second object in which the alignment mark B1 is formed, and the area of such overlapping region is not 
greater than 30 % of the region in which the alignment mark B1 is formed. Various factors are so set 

More specifically, in a preferred form of this embodiment of the present invention, when an object surface 
A provides the first object while an object surface B provides the second object, first and second signal pro- 
ducing alignment marks A1 , A1' and A2, A2' each having a function of a physical optic element are formed on 

25 the object surface A. Also, on the other object surface B, first and second signal producing alignment marks 
B1 and B2 similarly each having a function of a physical optic element are formed. 

Here, the first signal producing aligment marks A1 and A1' are provided along a direction substantially per- 
pendicular to the positional deviation detecting direction. Similariy, the second signal producing alignment 
marks A2 and A2' are provided along a direction substantially perpendicular to the positional deviation detecting 

30 direction* 

Parallel light having a Gaussian intensity distribution is inputted to the alignment mark A1, and diffraction 
light caused thereby is inputted to the alignment markBL Diffraction lightfrom the alignment mark B1 is inputted 
to the alignment mark A\ and diffraction light therefrom is incident on a predetermined plane. The gravity center 
of the incident light on that plane is detected by a first detecting means as the position of incidence of the first 
35 signal light 

Here, the term "gravity center of light" means such a point that when on a light receiving surface a position 
vector of each point on the surface is multiplied by the light intensity of that point and the thus obtained products 
are integrated over the entire surface, the integrated level has a "zero vector*. However, as an alternative, the 
position of a peak point of the light intensity may be detected. 
40 Similariy, light is inputted to the alignment mark A2, and diffraction light caused thereby is inputted to the 
alignment mark B2. Then, reflective diffraction light from the mark B2 is inputted to the alignment mark A2\ 
Gravity center of diffraction light from the alignment mark A2' , on a predetermined plane, is detected by a second 
detecting means as the position of incidence of the second signal light By using two data from the first and 
second detecting means, the positioning of the objects A and B is executed. Here, various parameters are so 
45 set that the (m', n\ £ ')-th order light which causes a detection error factor to the (m, n, t )-th order light ts not 
received by the detecting means. 

In this form of the present embodiment, the alignment marks A1, A1', ^2, A2\ B1 and B2 are so set that 
the gravity center position of the light incident on the first detecting means and the gravity center position of 
the light incident on the second detecting means, shift in opposite directions in response to a positional deviation 
so between the objects A and B. < < 

Figure 1 7 is a perspective view of a major part of the fifth embodiment of th present invention. Figure 1 8 
illustrates, in an xt nded view, a portion of the Figure 17 mbodiment Figure 19 is a schematic view of a major 
part of the Figure 17 embodiment as seen in the X direction. 

In these drawings, denoted at 1 is a first object (object surface A) which is a mask, for example, and denoted 
55 at 2 is a second bject (object surface B) which is a wafer, for example. The illustrated is an example wherein 
a relative positional deviation of the first and second objects it to be d tected. 

Since in this embodiment the light passing through the first object 1 and being reflected by th second object 
2 goes again through the first object 1 , in Figure 18 the first object is illustrated in duplication. Denot d at 5, 5' 
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and 3 are alignment marks which are provided n the first and sec ndobj cts1 and 2, respectively, for obtaining 
afirst signal light Similarly, denoted at 6, 6 f and 4 are alignment marks provided on the first and second bjects 

1 and 2, respectively, for obtaining a second signal light In Figure 1 8, the paths are illustrated with th alignment 
marks 3 and 4 being replaced by qurvalent transmission type alignment marks. 

Each of the alignment marks 3 - 6' comprises an optical member with wavefront converting function which 
serves as a physical optic element such as, for example, a grating lens having a one-dimensional or two-dimen- 
sional lens function or a diffraction grating having no lens function. 

The alignment marks 5 and 5' are disposed along a direction (Y direction) substantially perpendicular to 
the positional deviation detecting direction (X direction). Similarly, the alignment marks 6 and 6' are disposed 
along a direction (Y direction) substantially perpendicular to the positional deviation detecting direction (X direc- 
tion). Here, the X direction coincides with a wafer scribe line direction. 

In the present embodiment each alignment mark of the first and second objects has an imaging function 
in the X direction. With respect to a direction perpendicular thereto, ft may have or rt may not have an imaging 
function. 

Denoted at 9 is a wafer scrfce line and denoted at 10 is a mask scribe line. Each alignment mark is formed 
on the corresponding scribe line. Reference numerals 7 and 8 denote the first and second (alignment) signal 
lights, while reference numerals T and 8 r denote (unwanted) diffraction lights of predetermined orders related 
to the first and second signal lights 7 and & 

Denoted at 1 1 and 12 are first and second detecting means for detecting the first and second signal lights 
7 and 8, respectively. Each of the first and second detecting means comprises a one-dimensional (linear) CCD 
sensor, for example, having its sensing elements arrayed in the X-axis direction. 

Since the optical actions of the first and second signal lights 7 and 8 are substantially the same and they 
are handled substantially in the same manner, description will be made only with regard to the fist stanal Ifaht 
7. 

In Rgure 18, the spacing between the first object (which hereinafter w3l be referred to also as "mask") 1 
and the second object (which hereinafter will be referred to also as "wafer") 2 is denoted by g, the distance 
from the second object 2 to the convergent point P2 as defined by the alignment mark 3 of the second object 

2 is denoted by L, and the distance from the first object 1 to the first detecting means 11 is denoted by L 2 . 

Assuming now that the focal length of a mask alignment mark corresponding to kh order diffraction Ifcht 
is ff* and similarly the focal length of a wafer alignment mark 3 corresponding to j-th order diffraction light ts 

then, from the effective gravity center position of the (m, n, f )-th order light, the positional deviation detecting 
magnification p upon the detection surface 1 1 a of the detecting means 1 1 for the (m, n, t )-th order light, is given 
by: 

P = [l-L/Cfm^JHL^LrtH (51) 

where L 1 is given by: 

1/(frn«-g) + 1/Lt * -1ffn w (52) 
Here, the position S of incidence of the (m, n t t)-th order light on the detecting means surface 1 1a is exp- 
ressed by using the incidence angle 8 of light in the X-Z plane and the X-axis center positions x^, W and x w 
of the alignment marks 5, 3 and 5\ as follows: 

S = {{xmo - ftn^tane - x w )0-i/(ftnM-g)] + x w - x^^ L^(L t -g) + -*,*>' (53) 
Assuming now that the (m, n, £)-th order light is imaged on the detecting means surface 1 1a, then L 2 is 
given by: 

1/(L,-g) + 1/L 2 = -1/f£M (54) 
Also, if the focal length of the mask alignment mark corresponding to the positive first order diffraction light 
is denoted by fl", then generally the focal length ii M (fin") can be expressed as: 

m = f1*V1 (55) 

Assuming now that - X* = and if equation (52) is substituted into equat&n (53), it follows that 
S - [L^/C£m M -g) - 1][L 2 /(L r ^)]£ + £ Q 
£o « [-^/(fm^g) fm M tan© - X M0* + *M(>1* 

L 2 /a i-9> + W ...(53') 

Here, ft equation (52) is substituted into the positional deviation sensitivity p as given by equation (51), then it 
folows that 




30 If the distance L, as given by equations (54) and (52) is substituted into the distance L 2 , then: 
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55 The positional deviation sensitivity p as obtainable by substituting equation (56) into equation (51 '), is deter- 
mined by fm M , fh w , ft m and g. 

However, in an occasion where the detection surface 11a may not be dispos d on the imaging plane, from 
equation (51 % it is determined by firri", fh w r g and L 2 . 
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Next, description wil be made of the path of the first signal light 7, for the positional deviation det ctton in 
this mbodiment 

In the present embodiment, the light 7 diffracted or wavefront-converted three times, by two alignment 
marks 5 and 5' of the first object 1 and one alignment mark 3 of the second objects is used as the positi nai 
5 deviabon detecting light Generally, in a diffraction system wherein light is diffracted three times, finally two lights 
having different diffraction histories i emanate In the same dfrectkm. 

More specifically, as shown in Figure 20, alignment marks 5 and 5' are formed on the first object 1 while 
an alignment mark 3 is formed on the second object 2. By way of example, as the first signal light 7 the (m, n, 
0-th order light as projected onto the first object 1 at an angle a and diffracted at m-th order by the alignment 
w mark 5. at n-th order by the alignment mark 3 and at f-th order by the alignment mark S, is used. 

In response thereto, the (t , n. m)-th order light T diffracted at f-th order by the alignment mark 5' of the 
first object 1 , at n-th order by the alignment mark 3 of the second object 2 and at m-th order by the alignment 
mark 5 of the first object 1 , emanates from the first object 1 in the same direction as the first signal light 7. 
In the present embodiment, in order to prevent degradation of the signal-to-noise ratio of the signal light 7 
15 due to impingement of the diffraction light T upon the detection surface or to suppress generation of crosstalk 
resulting from interference or the like of the fights 7 and 7', optimization is made in regard to the location of 
each alignment mark and its diffraction angle, such as shown in Figure 18. 

More r^wlariy, trie r>air of alignr^ and the pair of alignment marks 

6 and 6* are disposed along a direction (Y direction) perpendicular to the positional deviation detecting direction 
to (X directon) jmd each alignment mark is provided by a cylindrical grating lens having an imaging function only 
n the X direction. 

Further, the alignment marks 5, 3, 6 and 4 each has a mark pattern which is configured so that it serves 
as a grating element of constant pitch in the Y direction. 

The alignment marks 5' and 6' each is provided by a grating lens of linear zone plate type, having no light 
25 deflecting function in the Y-Z section. Where the grating pitch of the alignment mark in the Y-Z section, namely 
fte secbon in which it has no imaging function, is denoted by P, and P* for the alignment marks 5 and 3, and 
by P 3 and P 4 , for the alignment marks 6 and 4, and where the signal light is provided by the (-1, 1 -1)-th order 
Jght produced as a result of impingement of light upon the first object surface atan angle and diffraction through 
mese alignment marks at negative first order by the alignment mark 5 (6), at positive first order by the alignment 
marks 3 (4) and at negative first order by the alignment mark 5' {6% in this order, if the angles of lights in the 
P ,ane emanating from the alignment marks 5, 3, 6 and 4 are denoted by P(P,), p(P 3 ), vfP,) and yffM with 
respect to a normal to the first object, then the following relations are obtained: 

gtana < d, (57) 
gtany =* d 0 (58) 

35 wherein d„ is the distance in the Y direction between the centers of the alignment marks 5 and 5' (6 and 6') 
and d, is the distance (measured in the Y direction) between opposed edges of the alignment marks 3 and & 
(4 and 6'). 

In order to adopt the disposition shown in Figure 19. it is desirable that the angle p is made small while the 
angle T is made larger than the incidence angle a. For example, in the present embodiment, if a = 5 deg the 
40 first signal light has an angle p = 30 deg., the second signal light has an angle p = 36 deg. and the spacing 
between the first and second objects is equal to 30 microns, there 

d T > 2.63 microns 

On the other hand, the distance d„ in the Y direction between the centers of the first signal Tight producing 
alignment marks 3 and 5 is given from equation (58), as follows: 
45 di = 17.32 microns 

Similarly, the distance d 12 in the Y direction between the centers of the second signal light producing align- 
ment marks 4 and 6 is: * 

d 12 =* 21.80 microns 

In the present embodiment, for each of the first and second signal lights 7 and 8, the angle 6 = 0 deq is 
» adopted. 

Equation (57) is a condition for avoiding impingement of the light 7' upon the detection surface, where in 
Hgure 20 the light 7 is used as th first signal light. Equation (58) is a condition related to the size and location 
ofeachaJignm nt mark for assuring efficient impingem nt of the first signal light 7 upon the detection surface. 

In the present embodim nt, by setting various factors such as described hereinbefore, the position of inci- 
55 SighTa? ** f ' rSt Si9na ' ,i9ht 7 (second si9nai K 9 nt 8 > ran detected without being affected by the light 7' 

The present embodiment is applicable also to a proximity type semiconductor device manufacturing expos- 
ure apparatus such as shown in Figures 5A- 5C. 
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Figure 2 1 is a schematic view of a major part of a modified form of the fifth embodiment of the present Inven- 
tion. 

In this xampie, like the fifth embodiment, for obtaining a first signal right 7, two alignment marks 5 and 5' 
each comprising a physical optic element are provided on the first obj ct (mask) 1, while one alignment mark 
5 3 comprising a physical optic element is provided on the second object (wafer) 2. 

Similarly, for obtaining a second signal light 8, two alignment marks 6 and 6* (not shown) each comprising 
a physical optic element are provided on the first object 1 , while one alignment mark 4 (not shown) comprising 
a physical optic element is provided on the second object Z Each alignment mark has an imaging function in 
the X direction, and is provided by a cylindrical type lens element having a light deflecting function In the Y 
10 direction. 

The production of the light T which is an unwanted diffraction light in relation to the first signal light 7, is 
reduced. For example, the location and size of each alignment mark in the Y-Z plane as well as the light paths, 
particularly, the diffraction angle of each alignment mark, are so set that the quantity of the light T becomes 
not greater than 1/20 of the quantity of the first signal light 7. 

15 With this arrangement, the effect of the light 7' which is an unwanted diffraction light in relation to the first 
signal light 7, in the positional deviation detection, is reduced. 

To this end, in the present embodiment, various factors are set such as follows; it is now assumed that the 
positional deviation detecting direction lies in the X direction, that in the Y-Z plane light is incident on the first 
object at an angle a with respect to a normal thereto, and that the first signal tight 7 having a path such as shown 

20 in Figure 21 is incident on the detecting means 1 1 which may comprise a CCD or accumulation type photo- 
electric transducer element Here, the orders of diffraction by the alignment marks are such that the Ifcht is dif- 
fracted at m-th order by the alignment mark 5, at n-th order by the alignment mark 3 and at f-th order by the 
alignment mark 5'. Namely, it is the (m, n. t)-\h order light Similarly, the light T which is unwanted diffraction 
light is expressed as the (m\ n\ t '>th order fight, as diffracted at m'-th order by the alignment mark 5\ at n'-th 

25 order by the alignment mark 3 and at i '-th order by the alignment mark 5. 

Here, the factors are so set that the area of overlapping region between the region in which the (m', n\ 
2 '>th order light T impinges on the second object 2 surface and the region in which the alignment mark 3' is 
formed, becomes not greater than 30 % of the area of the region of the alignment mark 3'. This assures that 
the intensity of the light T is reduced to one-third or lower of the intensity of the light 7. 

30 In the present embodiment, the (1 , 1 , -1 )-th order light is used as the first signal light 7 and, in consideration 

of the off-axis imaging characteristics as given by equation (51 r ) of the wavefront converting characteristics of 
the grating lens patterns of the alignment marks 5, 5' and 3, the optical system is arranged so that the pre- 
determined imaging plane provides the detection surface. 

It is now assumed that, from the relationship in regard to the location and size of each alignment mark, 

35 only a weak light T is produced. If so, the light T which can impinge and converge on the light receiving zone 
of the detection surface in response to the (1, 1,-1)-th order fight which is the first signal light is the (-1.1, 1)-th 
order light Thus, generally, in response to the (m, n, i )-th order light the (f , n, m)-th order light impinges and 
converges upon the detection surface. 

Each alignment mark has an imaging characteristic in the X direction, but it has no imaging function in the 

40 Y direction. Totally, it has a light deflecting function for changing the emission angle of the light toward a pre- 
determined direction. 

It is now assumed that the grating pitches (regular) of the alignment marks 5, 5' and 3 in the Y direction 
are P u P% and P 2 , that the emission angle in the Y-Z plane of the light 7 from the alignment mark 5 is p, as 
shown in Figure 21, that the emission angle from the alignment mark 3 is y, and that the emission angle from 
45 the alignment mark 5' is S. Also, it is assumed that the center coordinate positions of the alignment marks 5, 
5' and 3 in the Y direction are y t . 0 , y^ and ya.o» and that the boundary positions of them in the Y direction are 
e 1( e 2 , ... and e 5 , as illustrated. 4 

Here, e 2 is the contact boundary position of the alignment marks 5 and 5'. If the spacing between the first 
and second objects 1 and 2 in the 2 direction is g, then the emission angle f of the light 7 from the alignment 
so mark 5' is expressed in the following relation: i t 

slttf = sina-aTPf' (59) 
Also, the condition for avoiding impingement of a portion of the light 7\ emanating from the boundary i 
portion of the alignment mark 5', upon the alignment mark 3 forming region on the second object, is given by: 

e, - gtarrf < e 5 (60) 

55 If the above inequality is satisfied, all the negative first order diffraction light T emanating from the region 
in which the alignment mark 5' is present, does not impinge on the region on the second object in which the 
alignment mark 3 is present, as seen from Figure 21 . Thus, equation (60) represents the condition for suppres- 
sing production of the light 7\ 
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Also, the condition for assuring efficient impingement of the light 7, manating from th alignment marie 5, 
upon the alignment mark 3 is: 

§tanp + yuo ~ Y xo (61) 
Also, the condition for assuring efficient impingement of the light 7, emanating from the alignment mark 3, 
5 upon the alignment mark 5 r is: 

gtany + y^o - (62) 

Equations (61) and (62) are the conditions with which, when the system is structured so that as the light 
7 is wavefront converted by the object surfaces totally, the region of incidence of the light upon each alignment 
mark is defined about an axis of the center of each alignment mark, any light directed outwardly of such an 

10 alignment mark region is minimized. Namely, these equations are the conditions related to the location and 
size of each alignment mark as well as the optical path designing, necessary for assuring efficient transmission 
of wavefront and, thus, for enhancing the quantity of light impinging on the detection surface. 

WhBe in these embodiments the phenomenon that the spacing in the X direction of the gravity center posi- 
tions on two fight detecting means changes in proportion to the relative positional deviation in the X direction 

15 of afkst object (mask) and a second object (wafer) is used, and the change in the spacing is detected. However, 
the present invention is not limited to this. As an example, the invention is applicable also to an arrangement 
wherein the relative positional deviation of the mask and the wafer is detected on the basis of proportional rela- 
tionship between (i) the quantity of deviation of the gravity center position of the diffraction light upon a single 
detecting means, from a preset reference position thereon, and (ii) the quantity of relative positional deviation 

20 of the mask and the wafer. 

WhBe the invention has been described with reference to the structures disclosed herein, it is not confined 
to the details set forth and this application is intended to cover such modifications or changes as may come 
within the purposes of the Improvements or the scope of the following claims. 

25 

Claims 

1. A method of detecting a relative positional deviation of a first object having a first grating marie with an optical 
power and a second object having a second grating mark with an optical power, wherein a projected radi- 
ation beam is diffracted by the first and second grating marks in sequence and, on the basis of a position 
of convergence on a light receiving surface of plural diffraction beams produced by the diffraction through 
the first and second grating marks and including a signal beam having been diffracted at a predetermined 
order by each of the first and second grating marks, the relative positional deviation is determined, charac- 
terized in that 

a detection zone is defined on the light receiving surface; that the signal beam is caused to be con- 
verged upon the detection zone; and that a predetermined diffraction beam of the plural diffraction beams 
which, for a relative positional deviation of the first and second objects, shows displacement different from 
that of the signal beam is substantially prevented from being converged upon the detection zone. 

Z A method according to Claim 1, wherein the signal beam is provided by a beam diffracted at positive first 
order by the first grating mark, diffracted at negative first order by the second grating mark and diffracted 
at zero-th order by the first grating mark, and wherein the predetermined diffraction beam comprises a beam 
diffracted at zero-th order by the first grating mark, diffracted at negative first order by the second grating 
mark and dfffracted at positive first order by the first grating mark. 

3. A method according to Claim 2, wherein the predetermined diffraction beam has a portion having a relatively 
low intensity which portion is incident on the detection zone, and wherein Unwanted beam has a portion 
having a relatively high intensity which portion is incident on a region other than the detection zone. 

so 4. A method according to Claim 2, wherein the predetermined diffraction beam is not incident on the light 
receiving surface. 

5. A method according to Claim 4, wherein the production of the predetermined diffraction beam is prevented. 

55 6. A method according to Claim 1 , wherein the predetermined diffraction beam is incident in a defocused state 
upon a relatively wide region including the detection zon . 
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A method according to Claim 1 , wher in th signal beam is provided by a beam diffracted at negative first 
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older by th first grating mark, diffracted at positive first ord r by the second grating mark and diffracted 
atzero-th order by the first grating mark, and wherein the predetermined diffraction beam comprises a beam 
diffracted at zero-th order by the first grating mark, diffracted at positive first order by the second grating 
mark and diffracted at negativ first order by the first grating mark. 

A method according to Claim 7, wherein the predetermined diffraction beam has a portion having a relatively 
low intensity which portion is incident on the detection zone, and wherein unwanted beam has a portion 
having a relatively high intensity which portion is incident on a region other than the detection zone. 

A method according to Claim 7, wherein the predetermined diffraction beam is not incident on the light 
receiving surface. 

10. A method according to Claim 9, wherein the production of the predetermined diffraction beam is prevented. 

15 1 1. A method according to Claim 7, wherein the predetermined diffraction beam is incident in a defocused state 
upon a relatively wide region including the detection zone. 

12. A method according to Claim 1, wherein the signal beam is provided by a beam diffracted at zero-th order 
by the first grating mark, diffracted at negative first order by the second grating mark and diffracted at posi- 

20 tive first order by the first grating mark, and wherein the predetermined diffraction means comprises a beam 

diffracted at positive first order by the first grating mark, diffracted at negative first order by the second grat- 
ing mark and diffracted at zero-th order by the first grating mark. 

13. A method according to Claim 12, wherein the predetermined diffraction beam has a portion having a rela- 
25 tfvefy low intensity which portion is Inddent on the detection zone, and wherein unwanted beam has a por- 
tion having a relatively high intensity which portion is incident on a region other than the detection zon . 

14. A method according to Claim 12, wherein the predetermined diffraction beam is not incident on the light 
receiving surface. 

30 

15. A method according to Claim 14, wherein the production of the predetermined diffraction beam is preven- 
ted. 

16. A method according to Claim 12, wherein the predetermined diffraction beam is incident in a defocused 
35 state upon a relatively wide region including the detection zone. 

17. A method according to Claim 1, wherein the signal beam is provided by a beam diffracted at zero-th order 
by the first grating mark, diffracted at positive first order by the second grating mark and diffracted at nega- 
tive first order by the first grating mark, and wherein the predetermined diffraction beam comprises a beam 

40 diffracted at negative first order by the first grating mark, diffracted at positive first order by the second grat- 
ing mark and diffracted at zero-th order by the first grating mark. 

18. A method according to Claim 17, wherein the predetermined diffraction beam has a portion having a rela- 
tively low intensity which portion is incident on the detection zone, and wherein unwanted beam has a por- 

4$ tion having a relatively high intensity which portion is incident on a region other than the detection zone. 

19. A method according to Claim 17, wherein the predetermined diffraction beam is not incident on the light 
receiving surface. 

50 20. A method according to Claim 19, wherein the production of the predetermined diffraction beam is preven- 
ted. 

21. A method according to Claim 17, wherein the predetermined diffraction beam is incident in a defocused 
state upon a relatively wid region including the detection zone. 

55 

22. A method of detecting a relative positional deviation of a first object having a first grating mark with an optical 
power and a second object having a second grating mark with an optical power, wherein a projected radi- 
ation beam is diffracted by the first and second grating marks in sequence and, on the basis of a position 
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of convergence on a light receiving surface of plural diffraction beams produced by th diffraction through 
the first and second grating marks and including a signal beam having been diffracted at a predetermined 
order by each of th first and second grating marks, the relative positional deviation is determined, charac- 
terized in that 

5 a detection zone is defined on the light receiving surface; that the signal beam is caused to be con- 

verged upon the detection zone; and that a predetermined diffraction beam of the plural diffraction beams 
which, for a relative positional deviation of the first and second objects, shows displacement different from 
that of the signal beam is caused to have an intensity sufficiently smaller than that of the signed beam. 

10 23. A method according to Claim 22, wherein the signal beam is provided by a beam diffracted atzeroth order 
by the first grating mark, diffracted at positive first order by the second grating mark and diffracted at nega- 
tive first order by the first grating mark, and wherein the predetermined diffraction beam comprises a beam 
diffracted at negative first order by the first grating mark, diffracted at positive first order by the second grat- 
ing mark and diffracted at zero-th order by the first grating mark. 

is 

24. A method according to Claim 22, wherein the signal beam is provided by a beam diffracted at zero-th order 
by the first grating mark, diffracted at negative first order by the second grating mark and diffracted at posi- 
tive first order by the first grating mark, and wherein the predetermined diffraction means comprises a beam 
diffracted at positive first order by the first grating mark, diffracted at negative first order by the second grat- 

20 ing mark and diffracted at zero-th order by the first grating mark. 

25. A method according to Claim 22, wherein the signal beam is provided by a beam diffracted at positive first 
order by the first grating mark, diffracted at negative first order by the second grating mark and diffracted 
atzero-th order by the first grating mark, and wherein the predetermined diffraction beam comprises a beam 

25 diffracted at zero-th order by the first grating mark, diffracted at negative first order by the second grating 
mark and diffracted at positive first order by the first grating mark. 

26. A method according to Claim 22, wherein the signal beam is provided by a beam diffracted at negative first 
order by the first grating mark, diffracted at positive first order by the second grating mark and diffracted 

30 atzero-th order by the first grating mark, and wherein the predetermined diffraction beam comprises a beam 
diffracted at zero-th order by the first grating mark, diffracted at positive first order by the second grating 
mark and diffracted at negative first order by the first grating mark. 

27. A method according to Claim 22, wherein the predetermined diffraction beam has an intensity not higher 
35 than one-third of the intensity of the signal beam. 

28. A semiconductor device manufacturing method usable with a mask having a first grating mark with an opti- 
cal power and a wafer having a second grating mark with an optica) power, wherein a projected radiation 
beam is diffracted by the first and second grating marks in sequence and, on the basis of a position of con- 

40 vergence on a light receiving surface of plural diffraction beams produced by the diffraction through the 
first and second grating marks and including a signal beam having been diffracted at a predetermined order 
by each of the first and second grating marks, a relative positional deviation of the mask and the wafer ts 
determined, and wherein, after correction of the relative positional deviation, a circuit pattern of the mask 
is printed on the wafer for semiconductor device manufacture, characterized in that 

45 a detection zone is defined on the light receiving surface; that the signal beam is caused to be con- 

verged upon the detection zone; and that a predetermined diffraction beam of the plural diffraction beams 
which, for a relative positional deviation of the first and second objects, shovfe displacement different from 
that of the signal beam is caused to have an intensity sufficiently smaller than that of the signal beam. 

so 29. A semiconductor device manufacturing method usable with a mask having a first grating mark with an opti- 
cal power and a wafer having a second grating mark with an optical power, wherein a projected radiation 
beam is diffracted by th first and second grating marks in sequence and, on the basis of a position of con- 
vergence on a light receiving surface of plural diffraction beams produced by the diffraction through th 
first and second grating marks and including a signal beam having been diffracted at a predetermined order 

55 by each of th first and second grating marks, a relative positional deviation of the mask and the wafer is 

determined, and wherein, after correction of the relative positional deviation, a circuit pattern of th mask 
is printed on the waf r for semiconductor device manufacture, characterized in that 

a detection zon is defined on the light receiving surface; that th signal beam is caused to b con- 
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verged upon the detection zone; and that a predetermined diffraction beam of th plural diffraction beams 
which, for a relative positional deviati nofth mask and the wafer, shows displacement different from that 
of the signal beam is substantially prevented from being converged upon th detect! n zone. 
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